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Abstract 
 
In order to lower SOFC operating temperature between the range of 500 and 800°C, research 
has been focussed on finding alternative cathode materials, as it is where the highest area 
specific resistivity in the ceramic cell is exhibited. There is a constant requirement for novel 
high performance mixed conducting oxides for a variety of applications including cathodes 
for solid oxide fuel cells and as oxygen separation membranes.  The conventional method of 
approaching this problem is by synthesising oxide compositions obtained from consideration 
of crystal structure and chemistry.  One consequence of this is that synthesis is limited to a 
few chosen compositions because of the time consuming nature of the synthesis process. A 
way round this is the use of combinatorial methods to explore much wider ranges of 
compositions based upon rational choices of starting compositions. 
 
An interdisciplinary project was launched to use an ink jet based robot system, LUSI (London 
University Search Instrument), in order to synthesise combinatorial arrays of ceramic dot 
samples (2mm dia 500µm high) suitable for measurement of oxygen transport.  More 
information on the robot and the project can be found on the related project web page 
www.foxd.org. The aim is to use oxygen 18 isotopic exchange with an array together with 
high resolution SIMS to identify materials with a high degree of exchange with oxygen gas at 
a given temperature.  The first part of this programme was aimed at producing arrays of 
materials for which the transport properties are well known and to this end we have started 
with the perovskite materials with the general formula La1-xSrxCo1-yMnyO3, for which we 
have enough previous information to verify that the experimental protocols are correct. This 
study was followed by the study of a less known composition space with the general formula                                  
La1-xSrxCo1-y-zMnyFezO3.     
 
Quality synthesis of automated ink-jet printed samples has been carried out and composition 
(Induced Couple Plasma Mass Spectrometry), structure determination (X-ray diffraction and 
Raman Spectrometry) and oxygen content (Thermogravimetric and Catalysis Temperature-
programmed Desorption) have been characterised systematically over the full range of 
compositions prior to performing the isotopic exchange procedure. Isotopic exchange 
procedures have been written, and tested on one composition. A new diffusion algorithm has 
been coded to take into account the shape of the combinatorial samples.  
 
Design of a new high-throughput technique has been created and this technique has been 
tested to identify new SOFC cathode materials. A first systematic study has been carried out 
over the full range of composition of general formula La1-xSrxCo1-y-zMnyFezO3. An automated 
production of thick-film perovskites has been achieved to a certain extent: composition, phase 
and oxygen non stoichiometry have been characterised over the full composition of the 
La0.8Sr0.2Co1-y-zMnyFezO3 pseudo-ternary solid solution. The isotopic exchange technique has 
been carried out on the La0.8Sr0.2MnO3 and La0.8Sr0.2CoO3 samples.   
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Chapter 1 Introduction 
 
 
A century and a half after the first prototype, fuel cell applications are still limited to high-
value niche market applications and its development has not been sufficient to achieve the 
real break-through that would allow full and extensive commercialisation. To achieve mass 
market commercialisation, new materials that enhance either the catalysis or kinetics factor of 
the inverse water electrolysis reaction are required. This project aims to rapidly screen and 
identify potential materials used as SOFC components, in particular at the cathode, which is 
known to be a limitation to operation at low temperatures. A high-throughput technique has 
been developed to cope with the large number of possible materials compositions and several 
independent experimental parameters. 
 
1.1 Fuel Cell Development 
 
 
Research into what are now called fuel cells has been slow. There are six mature technologies. 
Currently, two technologies, the Proton Exchange Membrane Fuel Cell (PEMFC) and the 
Solid Oxide Fuel Cell (SOFC) are the most promising to meet the economic requirements for 
sustainable energy transformation devices.  
 
1.1.1 Fuel Cell Efficiency 
For a hydrogen economy to be more efficient in energy conversion fuel cells are key 
developments. Fuel cells are electrochemical devices fed with hydrogen and oxygen gases 
which transform, in continuous operation, chemical energy into electrical energy and heat. 
The problems related to the production, transport and conditioning of hydrogen are not 
discussed in this report; and the calculated efficiencies of the fuel cells presented in this 
paragraph are for fuel cells fed with pure hydrogen and oxygen. On a first assumption, the 
fuel cell stack exhibits no energy loss. Fuel cells are silent and environmentally-friendly – the 
only chemical product of this technology is water; they have a very high efficiency. Indeed, 
the fuel cell efficiency εFC
theotheoreact
react
react
FC n
n
x
E
E
x
G
H
G
FEn expexpexpexp
∆−
∆−
=
∆−
=ε
 for the transformation of the hydrogen chemical energy into 
electricity can be broken down into the product of three efficiencies as shown in equation 1: 
   (Eq. 1) 
where F is the Faraday constant and the other terms are explained below.  
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The first ratio is the chemical yield due to the reaction, which is the ratio between the 
residual enthalpy of the final product ∆Hreact – water- and the free energy available in the 
initial compounds ∆Greact (hydrogen and oxygen). The second ratio results from the galvanic 
conditions, i.e., the ratio between the experimental electromotive force (Eexp) due to the 
overpotential at the gas/electrode interfaces and the resistivity along the three ceramic layers, 
and the theoretical one (Etheo). The last ratio is the ratio between the experimental number 
(nexp) of electrons crossing the cells and the theoretical one (ntheo). It results from the good 
interconnect/electrode interfaces, but is enhanced when the reaction is catalytically activated
 
.  
The chemical efficiency can be evaluated from the values of the ∆Hreact and ∆Greact[1] (83% 
at 500oC; 68% at 1100oC) and this yield decreases sharply as temperature increases as shown 
in red in figure 1. The catalysis yield can reach 95% in an operating fuel cell. 
 
Figure 1: Chemical efficiency (red) and Carnot efficiency (black) variations with absolute temperature 
Overpotentials and electrochemical behaviour need to be determined experimentally either by 
direct measurement (electrochemical tests) or by indirect evaluation (Area Specific Resistivity 
extracted from oxygen ion diffusion and surface exchange values). If the cell exhibits a 65% 
electrochemical efficiency, the fuel cell theoretical efficiency will be around 45-51% between 
500 and 1100oC. For 85% electrochemical efficiency, the total theoretical effciency increases 
to 55-67% in the same operating temperature range. For high temperature electrochemical 
devices, heat in the exhaust gas could be recycled by extracting mechanical energy via a 
turbine, or by heating a cold fluid in a cogeneration unit. In such cases, the theoretical energy 
efficiency could reach a higher yield. The high temperature fuel cell technologies could 
                                                                                                            Chapter 1 - Introduction 
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therefore exhibit higher yield than the low temperature technologies. These yields need to be 
compared with the theoretical Carnot cycle limit for heat engines as shown in figure 1. In 
black the theoretical Carnot yield is plotted along the fuel cell efficiency in red. As the sink 
tank was assumed to be at 300o
 
C lower than the source temperature, which is an optimistic 
assumption, the theoretical Carnot yield is never achieved and the measured Carnot yield 
never exceeds the total fuel cell efficiency even in high temperature technologies.  
1.1.2 Fuel Cell Technologies 
Fuel cells are divided into two groups depending on their operation temperature. Low 
temperature fuel cells include three technologies: Alkaline Fuel Cell (AFC), Phosphoric Acid 
Fuel Cell (PAFC), and Proton Exchange Membrane (PEMFC). High temperature fuel cells 
include also three technologies: Solid Oxide Fuel Cell (SOFC), Molten Carbonate Fuel Cell 
(MCFC), and Proton conducting Ceramic Fuel Cell (PCFC). In table 1 are summarised the 
operating parameters, applications and drawbacks of each technology.  
 Electrolyte Operating 
temp. (ºC) 
Fuel 
Oxidant 
Drawbacks Application Company 
AFC Potassium 
Hydroxide 
80-100 Pure H2 
Pure O
CO/CO
2 
2  
Corrosive electrolyte 
poisons Space 
applications  
Alternative 
Fuel Cell,  
PAFC Phosphoric 
Acid 
90-110 Pure H2 
O2
Corrosive electrolyte 
/Air 
100kW Power 
Generation  
ONSI 
PEMFC Polymer 150-200 Pure H
O
2 
2
CO poison 
/Air 
PC Battery / 
automotive 
power devices 
Ballard, De 
Nora, Axane 
SOFC Ceramic 
oxide 
600-1000 Methane 
Air 
Electrode / 
Electrolyte Durability 
10 - 1000kW 
Power 
Generation 
Ceres Power, 
Rolls Royce 
Ltd, Siemens  
MCFC Molten salt 650 Methane 
Air/CO
Carbonate cycle 
management 2 
100kW Power 
Generation 
MTU, Ansaldo 
PCFC Ceramic 
Oxide 
500-700 Methane 
Air 
Electrode / 
Electrolyte Durability 
 Research stage 
Table 1: Fuel Cell technologies - Characteristics and Applications 
During the operating stage, a fuel (hydrogen, natural gas) feeds the anode, while oxygen or air 
feeds the cathode. According to the operating temperature and the electrolyte, ions species are 
selected to go from one electrode to the other through the electrolyte. 
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1.1.3 Solid Oxide Fuel Cell  
For this technology, the electrodes and electrolyte are ceramics. With this class of materials, 
two benefits appear: all components are solid state and as its operation temperature is higher, 
natural gas or syngas – mixture of methane, hydrogen and carbon dioxide - can be directly 
input at the anode to feed the fuel cell. Therefore, SOFC technologies should be easier to 
implement in the current market for security and fuel supply reasons. However, oxygen ion 
transport is enhanced with temperature, therefore the range of SOFC operating temperature is 
from 600°C to 1000°C. However, mechanical constraints are higher because ceramics are 
brittle materials. 
 
The electrolyte must possess good oxygen ion conducting properties with the lowest 
electronic conductivity as possible. Two cubic fluorite materials have been developed in the 
last half-century: yttria stabilised zirconia (YSZ) and cerium gadolinium oxide (CGO). YSZ is 
a pure ionic conductor and has an ionic conductivity of 2x10-2 S.cm-1 at 800°C, which is 
increased to 0.1 Scm-1
 
 at 1000°C.  This measured high value of ionic conductivity makes YSZ 
the reference materials for SOFC electrolyte applications and implies a high operating 
temperature for SOFC applications.  The main advantage of CGO over YSZ is that its ionic 
conductivity is higher than YSZ at lower temperature and is chemically inert to elements in 
the cathode. CGO electrolyte is applied in intermediate temperature SOFC (IT-SOFC), which 
operates between 600°C and 800°C. Recently Ishihara [2] has shown that a lanthanum doped 
strontium gallium magnesium oxide (LSGM) has high ionic conductivity at 600°C under a 
large range of oxygen partial pressure. Other materials such as bismuth yttrium oxide are 
being studied for such application and ionic conductivity of these potential materials has been 
compared recently, as shown in figure 2[3].  
The electrodes in a SOFC have three interfaces: a first one with the gas phase, another with 
the electrolyte, and a third one with the interconnect materials. Therefore, electrode materials 
must present both a high level of electronic conductivity and a good level of ionic 
conductivity. As this project aims to characterise SOFC cathode materials, a more detailed 
description of materials that can be used at the cathode side will be presented in the next 
section. Briefly, at the anode, nickel cermets have been developed to promote hydrogen 
adsorption and decomposition thanks to the catalytic activity of nickel. Besides their 
electrochemical properties, electrode materials are chosen to match with the thermo-
mechanical (coefficient of thermal expansion) and chemical properties.  
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Figure 2: Ionic conductivity of the most promising electrolyte materials as a function of the inverse 
temperature [3] 
 
The electrodes in a SOFC have three interfaces: a first one with the gas phase, another with 
the electrolyte, and a third one with the interconnect materials. Therefore, electrode materials 
must present both a high level of electronic conductivity and a good level of ionic 
conductivity. As this project aims to characterise SOFC cathode materials, a more detailed 
description of materials that can be used at the cathode side will be presented in the next 
section. Briefly, at the anode, nickel cermets have been developed to promote hydrogen 
adsorption and decomposition thanks to the catalytic activity of nickel. Besides their 
electrochemical properties, electrode materials are chosen to match with the thermo-
mechanical (coefficient of thermal expansion) and chemical properties.  
 
Interconnect materials link the cathode and the anode of two cells to allow electrons to 
circulate. For this reason, they possess a high level of electronic conductivity and a low ability 
to conduct oxygen ions to prevent any short circuit. Metal and ceramics have been developed 
to circumvent this issue: i.e., for high temperature SOFC, Ni-based and Cr-based alloys and/or 
oxides are mainly used. If the operating temperature is reduced as expected in IT-SOFC 
technology, the use of stainless steel as interconnect materials is preferred for economic 
reasons.       
                                                                                                            Chapter 1 - Introduction 
15 
1.2 Mixed Electronic Ionic Conductors  
 
This project aims to search for new potential materials for application as SOFC cathodes. 
Cathode materials require several characteristics [4], which are listed below: 
 
• Good ionic conductivity                                         σion = 0.1 S.cm
• High level of electronic conductivity                     σ
-1 
el = 100 – 1000 S.cm
• Low Area Specific Resistivity                                ASR
-1 
cathode = 0.2 – 0.3 Ω.cm
• Inert to the elements of the electrolyte and the interconnects 
2 
• Match with the thermo-mechanical properties of the electrolyte and the interconnects  
(thermal expansion coefficient close to the one of YSZ, λ = 12 x 10-6 K-1
• Easy to process materials for commercialisation  
) 
• Economically viable 
 
A high level of both electronic and ionic conductivities are important to conduct oxygen ion 
and electrons from the gas adsorption layer at the cathode/gas interface to the electrolyte and 
to the interconnect respectively. That is the reason why this research focuses on the Mixed 
Electronic and Ionic Conductors (MEIC). Amongst oxygen ion conductors [5], the cubic 
perovskite structure and the perovskite-related Ruddlesden-Popper series structure are thought 
to be potentially the better oxygen ionic conductors for the SOFC cathode application. In 
commercialised SOFC, lanthanum doped strontium manganese oxides (LSM) [6-8] and 
lanthanum doped strontium cobalt iron oxides (LSCF) [9-12] have been used with YSZ and 
CGO electrolytes respectively. Lanthanum doped strontium cobalt oxides (LSC) are MIEC, 
however, LSM act as a pure electronic conductor.  
 
One of the most promising class of materials for the search for new MEICs is the perovskite 
[5]  oxides with the general formula ABO3; A and B are rare earth/alkaline earth ions and 
transition metal cations respectively. By doping both the A- and B-sites, the composition of 
these materials can be broadened to encompass a very large number of possible combinations. 
Dopant species and compositions can have a major effect on both the ionic and electronic 
components of the conductivity and thus the possibilities of finding new and optimal materials 
presents a very large challenge. The electrical behaviour of perovskites has been investigated 
in greater detail than their oxygen ion transport; and even here only a few compositions have 
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been investigated in depth, such as the La1-xSrxMnyCo1-yO3 (LSMC) 
Previous studies have only investigated ionic transport properties for 8 or less compositions of 
the La
binary system. In this 
system the electronic conductivity is several orders of magnitude higher than the ionic 
conductivity, however, the range of ionic diffusivities can still vary by 5 orders of magnitude  
0.8Sr0.2MnyCo1-yO3 [6,7] binary systems. Oxygen diffusion for some compositions from 
the LSMC binary has been enlarged by the work of Berenov [13]. B-site cations have been 
judged to have a higher influence on the ionic transport properties [14]. Therefore, the 
La0.8Sr0.2MnyCo1-yO3 
 
binary system was chosen to test the high-throughput technique.  A 
longer literature review on oxygen ion conductor will be presented in the next chapter and in 
the oxygen ion database. 
1.3 Combinatorial methods and High-throughput Screening 
techniques 
 
The principle of combinatorial chemistry is to prepare a large number of different compounds 
at the same time – instead of synthesizing compounds in a conventional one-at-a-time manner 
– and then to identify the most promising compound for further development by high-
throughput screening [15]. As the conventional one-by-one sample processing and testing is 
energy and time consuming, combinatorial methods have been proposed by Hanak [16] in 
1970 to speed up materials research and discovery in the semi-conductor industry. In early 
1980’s, innovative synthesis methods changed the way of designing drugs for pharmaceutical 
and agricultural research.  In terms of new materials discovery, three approaches have been 
considered and their advantages/drawbacks have been drawn by Hagemeyer in figure 3.  
 
Figure 3: Conventional, parallel and pooled approaches to synthesis and screening experimentations [17] 
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Combinatorial science has since gradually expanded to other areas of chemistry including 
catalysis and to materials science [18]. Koinuma and Takeuchi [19] summarised previous 
work to investigate optical [20], dielectric [21], and magnetic [22] properties in ceramics in 
the mid 1990s. Recently, perovskite materials exhibiting piezoelectric [23], photocatalytic 
[24] properties or for lithium battery [25] applications were investigated through high-
throughput screening techniques. As the split pool technique has no interesting counter part in 
inorganic chemistry, a parallel synthesis technique has been followed.  
 
1.3.1 Techniques of parallel synthesis  
During the combinatorial synthesis, different compounds are generated simultaneously under 
identical reaction conditions in a systematic manner, so that ideally the products of all 
possible combinations of a set of starting materials (termed building blocks) will be obtained 
at once [15]. The two combinatorial syntheses presented here are being developed to improve 
the split pool technique, which has been patented by Furka [26]. A good review of 
combinatorial synthesis method by Jung [15] is advised for the readers.  
 
1.3.1.1 Spatially addressable parallel synthesis 
A very special case of the parallel synthesis is the spatially addressable synthesis. Each 
member of organic libraries can be synthesised at a specific location on a functionalised 
substrate as shown in figure 4.  
              
Figure 4: Left, Pulsed Laser Depositio instruments [19]; Right, Gradient composition film processing  [19] 
Inorganic libraries have been previously processed in composition gradient thin film by 
Pulsed Laser Deposition, which has been developed and tested by Koinuma [19].  The 
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gradient composition double layer is realised in two steps: the laser beam sputters the surface 
of a target, which allows the evaporation of the first building block; this gas will stick at the 
support surface accessible through the uncached mask, as shown in figure 4 (left). With an 
inverse movement of the second mask, the sticking of the second building block is realised by 
the evaporation of the second target – figure 4 (right). To synthesise a few-nanometres-thick 
film, the double layer processing is repeated. The final gradient film is obtained after 
sintering. 
 
1.3.1.2 Discrete samples array 
The inorganic samples are regularly placed on an array or each organic compound is 
synthesised in one vessel. Pipetting machines have been developed to dispense different 
reagents and reaction solution into vials that are located in a custom-made reaction block 
divided into, for instance, 27 positions as shown in figure 5 below. Each vial contains a resin 
bead, allowing the synthesis of a one-bead one-compound library.  
 
Figure 5: Parallel synthesis approach[15] 
 
In such a parallel approach, materials synthesis produces libraries in ordered arrays of 
spatially separated samples. The advantage of this technique is that each compound, when 
evaluated for some desired performance, is substantially ‘pure’ in its local area, provided that 
the synthesis has proceed with high quality in each stage.  
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To synthesise combinatorial inorganic discrete arrays, two technologies have been used to 
carry out previous work: Electrostatic Deposition Robot (EDR) [27] or ink-jet printer [28]. In 
both technologies, ceramic inks are produced from the mixing of a solvent (water), oxides 
powders (building block), thyxotropic agents, and dispersant agents. The different inks are 
then deposited under an electrostatic field or printed via a vessel on a substrate plate in the 
EDR or the ink-jet printer respectively. After drying, the combinatorial array is introduced in 
the furnace to allow the different ceramic mixtures to be sintered at the chosen temperature.  
 
1.3.2 High-throughput experimental techniques  
The advantage of the combinatorial synthesis techniques would be in vain, unless the 
measurement instruments could screen quickly the combinatorial libraries.  High Throughput 
experimentation (HTE) can be divided into two kinds of instrument: high-throughput 
characterisation tools to control the quality of the synthesised arrays, and high-throughput 
methods to target the valued properties.   
 
 
1.3.2.1 High-throughput characterisation instruments 
Quality control is crucial to check the usefulness of any combinatorial synthesis array for the 
next stage: the experimental screening. Composition, phase, grain morphology and porosity 
analysis need to be characterised before any property measurements. Only one accelerated X-
ray diffractometer and a wide range of conventional characterisation instruments have been 
used to assess the production quality. The instruments will be described in the experimental 
section. 
   
1.3.2.2 High-throughput measurement instruments 
Mixed Electronic and Ionic Conductors require measurements of both oxygen ionic and 
electronic transport. Numerous studies & techniques have been realised to characterise one or 
both of these transports/mechanisms. They are summarised in the table 2 below.  
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Name of technique Measured 
properties  
Parameters evaluated 
 
Source 
Experimental techniques addressing measurement of the ionic transport 
Isotope Exchange 
followed by SIMS 
measurement 
Ionic transport and 
surface exchange ratio 
D*: Self diffusion coefficient 
K* : Surface exchange coefficient 
6, 7, 9, 12 
Transient Isotope 
permeation followed by  
gas mass spectrum 
Ionic transport and 
surface exchange ratio 
D*: Self diffusion coefficient 
K* : Surface exchange coefficient 
29 
Conductivity relaxation  Ionic transport and 
surface exchange ratio 
Dchem
k
: chemical diffusion coefficient 
chem
10, 12, 30 
:  surface exchange coefficient 
Titration Ionic transport ratio Dchem 31, 32 : chemical diffusion coefficient 
Permeation relaxation  Ionic transport and 
surface exchange ratio 
Dchem
k
: chemical diffusion coefficient 
chem
33,34,35 
:  surface exchange coefficient 
AC Impedance  ionic and electronic 
transport 
R: resistivities due to ionic and/or 
electronic contribution 
36 
Other Experimental techniques 
Van der Pauw Method / 
four probe DC 
Total conductivity σ total
Seebeck Coefficient 
: total Conductivity 34,35,37 
Electrochemical 
Measurement 
Electrochemical 
behaviour 
ASR: Area specific resistance 11 
Table 2: Experimental techniques to characterise mixed electronic ionic conductors 
 
As the ionic transport is the determining parameter to reach the low specific resistive area 
needed for commercial development, the discussion of the experimentation has been limited 
to the first seven techniques. The mass spectrum analysis of tracer oxygen gases through 
permeation [29] technique is still in the development phase, while the titration technique has 
proved to be prone to errors [5]. Fluorescent indicators [38] has been selected to quickly 
screen electrocatalysts for direct methanol fuel cell cathode materials, however such 
technique can not be undertaken on SOFC cathode materials. Conductivity/Permeation 
Relaxation have not been considered to investigate ionic conductivity by combinatorial 
methods, because of the difficulty to miniaturise the test station.  
 
Previous systematic analyses have been carried out by Lemmon [39] to investigate the 
electrochemical properties of La1-xSrxCo1-yFeyO3 for SOFC application and recently by Tietz 
[40-43] to screen electrical and ionic conductivities of La1-xSrxCo1-y-zFeyMnzO3 resulting 
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from AC Impedance spectroscopy measurements. On both studies, a large manual production 
of traditional pellets has been achieved and therefore the compositional mesh has been quite 
coarse. High-throughput screening of ceramic sensor materials by AC Impedance Analysis 
has been achieved by Simon from Aachen University. 64 Ceramic inks were deposited onto a 
designed plate and the samples were measured systematically at different temperatures, 
pressures and gas environments. Results from AC impedance spectroscopy could be 
deconvoluted into the different diffusion conductivity types and/or transport routes; however 
this technique can not characterise effectively materials close to the “pure electronic” 
conductor, such as LSM or Mn rich perovskites. This experimental procedure has not been 
investigated further. This project articulates itself in the same directive as the similar 
combinatorial project in the 2007 fuel cell industry [44] and one of its published report in 
2010 [45]. No previous attempt had been undertaken to produce and characterise 
systematically and automatically perovskite materials for SOFC cathode applications    
 
At Newcastle University, oxygen sensor materials or oxygen ion conductor materials have 
been analysed on an automated catalysis work unit. This experimental catalysis rig is 
automatically controlled and therefore reliable for large systematic studies.  
 
1.3.3 Functional Oxide Discovery Research Project  
The Functional Oxide Discovery (FOXD) Project is an ambitious project to screen large 
compositional areas for dielectric application and oxygen ion conductors materials for SOFC 
application. The overview of such a project is displayed in figure 6. The computational 
algorithms/techniques and experimental stages are shown in yellow and white respectively.  
 
Figure 6: Schematic of a combinatorial production and analysis method 
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The former set of materials is usually derived from the perovskite Ba1-xSrxTiO3
 
. The latter set 
is usually composed of lanthanum- or samarium-based perovskites. Both sets of materials are 
of the perovskite class and the investigation of both dielectric and oxygen diffusion properties 
over a wide range could create a bridge between two scientific areas and communities.  
The FOXD team was based over four London Universities and the research team were 
selected along the following speciality poles: systematic ceramic libraries synthesis (Professor 
J.R.G. Evans, Dr. Shoufeng Yang, Dr. Lifeng Chen and Yong Zhang of Queen Mary 
University London), dielectric characterisation (Professor Niel Alford and Dr. Rob Pullar of 
South Bank University), oxygen ion diffusion characterisation (Professor J.A. Kilner, Dr. S. 
Fearn and myself) and combinatorial database mining and algorithms management (Professor 
P. Coveney, Matthew J. Harvey and Daniel J. Scott).  
 
These algorithms can be divided into three categories, depending on the origin of the initial 
data. The first category is used to initiate the combinatorial process and uses literature values 
– in this project, oxygen tracer diffusion and surface exchange coefficients – to predict the 
first broad compositional range to investigate, and these algorithms are called prediction 
algorithms. Neural networks have been chosen to identify the compositional range to screen. 
The second category aims to analyse and fit experimental data in a quick and accurate 
manner. Iterative convergent procedures have been developed to master the diffusion partial 
differential equation. The third category targets the best compositional range following on 
from combinatorial measurements; these algorithms re-focus the combinatorial synthesis to 
the more suitable materials. For this project, genetic algorithms have been chosen to adjust the 
compositional range to the desired composition. Genetics algorithms don’t necessarily take 
any physical laws in consideration and aim only at identify any relationship between the 
selected property sets and new compositions. One thorough and extended way to circumvent 
this anomaly is for instance to calculate these properties via density functional theory by 
combinatorial methods. It has been recently applied to the screening of oxygen reduction 
reaction on alloy surfaces [46].        
 
A discrete sample array synthesis has been selected and the London University Search 
Instrument (LUSI) located at Queen Mary University London was used as the ink-jet printing 
work station unit. In figure 7 is displayed a photo of the printing plate, where the 
combinatorial arrays are put. The Isotope Exchange technique followed by SIMS (IE/SIMS) 
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measurements and catalysis & electrochemical assessments have been selected to identify 
potential MEIC as cathode materials for SOFC application. High-temperature X-ray 
diffraction would provide information about the coefficient of lattice thermal expansion. 
Consequently, an high-throughput technique to characterise the physical diffusion onto 
ceramic printed dots needed to be developed. For this sake, the known ion exchange 
technique followed by SIMS measurements needs to be re-scaled to a study of combinatorial 
dots.  
 
  
 
Figure 7:  The London University Search Instrument (LUSI) 
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Chapter 2 Oxygen Ion Diffusion Database  
 
To identify the compositional space to screen on this combinatorial approach, first a 
theroretical model of oxygen ion diffusion in perovskite oxides is presented. Materials 
properties and experimental parameters that influence the oxygen mobility are shortlisted and 
then a comprehensive survey of previous experimental results united into a large database has 
been done. Finally, the use of a prediction algorithm with the new database highlights the 
design of the first compositional libraries, which need to be produced by our robot. The theory 
part, section 1, has been already published in a paper [47] co-authored with Professor John A. 
Kilner and Andrey Berenov to draw trends of oxygen ion diffusion in this class of materials.    
 
There are a large number of complex metal oxides, with the general formula ABO3, that form 
into the many and closely related perovskite-type structures. These materials show a very 
wide range of valuable physicochemical properties including ferromagnetism, catalytic 
activity, ferroelectricity, giant magnetoresistive effect, and ionic and mixed conductivity. As 
just mentioned, there are a number of lattice types that fall under the collective name of 
perovskite, including the ideal cubic lattice, rhombohedral, tetragonal, and orthorhombic 
distortions, and the hexagonal GdFeO3 types. Ionic transport properties of Mixed Ionic 
Electronic Conductors have not been automatically summarised previously in a general 
database. For this reason a diffusion reference library has been built to map the data already 
available in the literature and a review of the literature on the subject of oxygen ion diffusion 
in these materials has been done, as this is fundamental to an understanding of the other 
physical properties. This is a limited review, as the literature on this subject is extensive, and 
the aim here is to present the trends that will aid in understanding the changes in oxygen 
transport between different compositions and materials under different conditions. To this 
end, the structural differences in the materials will be ignored to a first approximation, and 
this must be remembered when the comparisons of data are being made. One of the 
fundamental difficulties in following the trends that occur in the diffusivity of oxygen is the 
inherent multidimensional nature of the data for the materials concerned. For example, the 
diffusivity is dependent upon temperature, oxygen partial pressure, identity of the A and B 
cations, the degree of substitution on either the A or B sites, and finally any deviations from 
the ideal A to B 1:1 occupancy ratio. Most of the trends have not been fully explored, and the 
data are very sparse. To understand the major trends that have been already recognized, this 
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chapter is divided into several sections covering many aspects of oxygen transport, from the 
basic concepts and methods of measurement, to a study of the oxygen transport rates in 
perovskite-related materials. 
 
2.1 Definitions of Diffusion Coefficients 
 
When a gradient is imposed on the concentration of oxygen, Co, in a material, an oxygen flux 
Jo is created, which is described by Fick’s first law: 
oomol cDJ
→→
∇−= .       (Eq. 2) 
where Do is defined as the self-diffusion coefficient of oxygen. The continuity equation in a 
small element gives Fick’s second law in the presence of a drift velocity ν, created by any 
field (chemical or electrical): 
ooomol
o cvcDJ
dt
dc ..
_
2 −∇−=∇=
→
    (Eq. 3) 
Philibert [48] has shown that, in a chemical field, equation 3 can be simplified into the 
following equation, where DChem is the chemical diffusion coefficient: 
oChem
o cD
dt
dc 2.∇−=       (Eq. 4) 
The chemical diffusion coefficient is related to the self-diffusion coefficient by a term known 
as the thermodynamic enhancement factor γ and a correlation factor f. Figure 8 summarises 
the relationship between ionic transport parameters in a purely electronic conductor. In this 
graph, T, k, e and z stands respectively for the absolute Temperature, the Boltzmann constant, 
the electron charge and the number of charges involved in the electronic exchange, from [49].     
 
One point to emphasize at this stage concerns the measurement of the self-diffusion 
coefficients, particularly in the mixed conducting perovskite materials. An extended review 
and description of diffusion measurement and techniques have been published by Philibert 
[48]. There are many electrochemical methods whereby various diffusion coefficients can be 
extracted from ceramic samples. In the main, data obtained using these methods must be 
treated with some circumspection because there are many sources of possible error, 
particularly with porous samples when gas diffusion down pores can occur. Sunde [50] have 
recently pointed out some of these effects when using the potential step method. 
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Figure 8: Schematic of the relations between the different transport parameters for a purely electronic 
material [48] 
By far the most direct method of measurement is the use of isotope exchange followed by 
secondary ion mass spectometry (SIMS) depth profiling, as described by Kilner et al. [51,52], 
often known as the isotope exchange depth profiling technique (IEDP). This technique yields 
the tracer diffusion coefficient, D*, and the majority of the data included in this review were 
obtained using the IE/SIMS method. 
 
2.1.1 The Oxygen Tracer Diffusion Coefficient 
The self-diffusion coefficient is usually obtained from measurement of the tracer diffusion 
coefficient, in this case the oxygen tracer diffusion coefficient D*= f Do; here, f is called the 
correlation factor and represents the deviation from randomness of the jumps (~1). For a 
material that has an oxygen deficiency accommodated by oxygen vacancies which are mobile, 
D* can be derived in terms of atomistic parameters from random walk theory as explained in 
a previous analysis paper [53,54]:  
)exp()1(
6
* 2
RT
GacfD mo
∆−
−= νω     (Eq. 5) 
)exp()exp()1(
6
* 2
RT
H
R
SacfD mmo
∆−∆
−= νω   (Eq. 6) 
where ω is the number of equivalent near-neighbor sites, (1 – c) represents the fraction of 
unoccupied equivalent sites and can be replaced by [ ]••oV  (using Kröger-Vink notation [55]), 
the mobile oxygen vacancy concentration, expressed as a site fraction, a, is the distance 
between equivalent sites, νo is a characteristic lattice frequency, and  )exp( RT
Gm
o
∆−
ν  is the 
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jump frequency for the migrating ion. ∆Hm and ∆Sm are the enthalpy and entropy of the 
migrating ion. R is the perfect gas constant.  
Defining the term β as 
)exp(
6 R
Sf m∆= ωβ       (Eq. 7) 
[ ] )exp(* 2
RT
HaVD moo
∆−
= •• νβ     (Eq. 8) 
Defining Dv as the vacancy diffusion coefficient, i.e.: 
)exp(2
RT
HaD mov
∆−
= νβ      (Eq. 9) 
Thus, the oxygen self-diffusion coefficient becomes 
[ ] vo DVD ••=*        (Eq.10) 
Inspection of equations 9 or 10 for tracer diffusivity reveals surprisingly few variables for the 
optimization of the diffusion coefficient. Some of these terms are constants, e.g., R and others, 
e.g., a, νo are not expected to alter substantially from oxide to oxide. This leaves [ ]••oV  and 
∆Hm as the important factors for the determination of the level of ionic conductivity. This 
corroborates well as diffusion is possible because of defects, which can be intrinsic (thermally 
created) or extrinsic (impurities). At this point, it is instructive to examine both components 
and the likely contribution to the tracer diffusion coefficient for these perovskite materials. 
Here the term [ ]••oV  refers to the mobile vacancy concentration, which may be different from 
the stoichiometric vacancy concentration (i.e., that determined by the oxidation states of the 
constituent cations) because of vacancy trapping, as observed in the fluorite oxides [51], or 
due to vacancy ordering [56]. Dv contains the terms relevant to mobility of the vacancies, i.e., 
the ease with which the oxygen atoms can jump from an adjacent lattice site into a vacancy. 
Mizusaki [57] has previously shown that data for Dv, the vacancy diffusivity, show 
remarkably little variation for a number of perovskite materials. It is thus important to 
understand the changes that occur in the vacancy concentration in these materials and how 
this affects the oxygen self-diffusion coefficient.  
 
From equation 8, the vacancy concentration [ ]••oV  is the sum of vacancies at thermal 
equilibrium nv and vacancies introduced by impurities ni. At low temperature vacancies 
introduced by impurities predominate and the number of impurities ni is constant. During the 
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regime called the extrinsic region, the diffusion coefficient at low temperature behaves as 
follows:  
)exp()exp(* 2
RT
H
R
SanD mmio
∆
−
∆
−= βν   (Eq.11) 
 
At high temperature thermally activated vacancies predominate, as e.g., Frenkel defects, 
whose enthalpy and entropy of formation are noted ∆Ηf and ∆Sf respectively. An adding 
process results from the vacancy-dopant association occurs and it is associated with an 
enthalpy and entropy association ∆Ηa and ∆Sa respectively. During the regime called the 
intrinsic region, the diffusion coefficient at high temperature behaves as follows: 
)
5.0
exp()
5.0
exp(2, RT
HHH
R
SSS
anD famfamovo
∆+∆+∆
−
∆+∆+∆
−= βν  (Eq.12) 
 
with nv,o the intrinsic level of impurity at low temperature.  
 
In both cases, the diffusion coefficient can be expressed by the Arrhenius relationship:  
 
)exp(
RT
EDD ao −=       (Eq.13) 
where Do is the pre-exponential factor independent of the absolute temperature and Ea the 
activation energy of this thermally-activated process. A common method to observe the 
temperature dependence is to draw the linear trend of the logarithm of diffusivity versus the 
inverse of the absolute temperature.   
 
To accept this simplification, the reader has to keep in mind that the entropy of both migration 
and the defect formation, the distance a between a site and an adjacent vacancy site, and the 
vibration frequency of an atom is assumed to be independent of the absolute temperature, or 
their variation with temperature not to be significant.     
 
2.1.2 The Surface Exchange Coefficient  
The oxygen surface exchange coefficient, k, is another important kinetic parameter associated 
with the measurement of oxygen transport rates in these oxide materials. It is a measure of the 
neutral oxygen exchange flux crossing the surface of the oxide, at equilibrium, as described 
by the following reaction [58]: 
x
oO OeVO ↔++
−•• 2
2
1 '
2     (Eq.14) 
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This flux will be dependent upon the surface vacancy concentration, the surface electron 
concentration, and the dissociation rate of the dioxygen molecule; however, at present, the 
rate-limiting step has yet to be identified. Kilner et al. [59] have derived a simple relationship 
for the surface exchange coefficient in terms of the bulk and surface vacancy concentrations, 
in an attempt to explain the apparent correlation found between the activation enthalpy for the 
surface exchange coefficient and the diffusion coefficient, in a number of La-based 
perovskites. Adler et al. [60] have also arrived at a similar relationship for k, by consideration 
of the AC electrode behavior of symmetrical cells with a ‘‘double’’ cathode structure. As 
already mentioned, the exact mechanisms of oxygen surface exchange remain elusive; 
however, the vacancy concentration is clearly a very important parameter.  
 
On a more practical level, the influence of the surface exchange on cathode performance has 
been recently emphasized by both Adler et al. [60] and Steele [61]. They have both stressed 
the importance of a characteristic length Lc defined as the ratio of the two parameters D/k. 
This length is the changeover point at which the permeation flux of oxygen through a thin 
mixed conducting membrane (such as a cathode) changes from being limited by diffusion in 
the membrane to being limited by the surface exchange process. For a more detailed 
discussion of the interpretation of the surface exchange coefficient, the reader is referred to 
the work of Maier [62] and De Souza [63].    
 
2.1.3 Defect Chemistry and Oxygen Transport 
A large number of different materials adopt the perovskite structure, however in terms of the 
oxygen transport the most studied are materials for applications in solid oxide fuel cells 
(SOFCs) and oxygen separation membranes. The materials are usually 3,3-perovskites (with 
the general formula A3+B3+O3) with lanthanum on the A site, a transition metal on the B site, 
and acceptor doped on the A site, usually with strontium. One of the main features of these 
mixed conducting perovskites is that they show a large range of non stoichiometry, which can 
vary from hypostoichiometric to hyperstoichiometric; this will alter both the electrical 
conductivity and the oxygen exchange and transport properties. To understand the oxygen 
transport properties, we first look at the theoretical defect structure of these mixed conducting 
perovskites and then compare the predicted behavior with experimental results. 
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Defect chemistry has been used to explain diffusion and transport phenomena behaviour in 
perovskites in the past [64,65]. A number of point defect models have been proposed to 
account for defect dependent properties such as the oxygen nonstoichiometry, ionic 
conductivity and electronic conductivity. A qualitative defect model developed by Anderson 
is noteworthy [66] as it is an attempt to provide a description of the defect chemistry, 
applicable to all La1-xSrxBO3+δ compounds. It is based on four point defect reactions:  
The Schottky disorder reaction 
••++↔ OMnLa VVV 3"0"
''''''       (Eq.15) 
The intrinsic electronic disorder reaction, occuring when B-site elements are reduced/oxidised 
to another valency state or on a B-site substitution    
•+↔ he '"0"        (Eq.16) 
The strontium incorporation on A-site can occur either by an electronic or vacancy 
mechanism, or a combination of the two.   
••++↔ O
x
oLa VOSr 22  2SrO
'
OLa 32      (Eq.17) 
               
•++↔++ B
'x
B2OLa B232 B2O2
1  2SrO
32
x
oLa OSr   (Eq.18) 
and the previously cited oxygen incorporation reaction in equation 14.  
These lead to the following expression for the electroneutrality condition  
•••• ++=++++ hVeVVSr OMnLaLa B
''
B
''''''' B][2B][3][3][  (Eq.19) 
In order to simplify the behaviour, the Brouwer approach is adopted: a number of separate 
regimes were considered, each with a specific neutrality condition, which defines the 
dominant defects.  Minority species are then calculated on the basis of the reduced 
electroneutrality condition. Five different regimes were recognised by Anderson, and these 
are summarised in figure 9 (adapted from [67]). The regime applicable to a particular 
perovskite composition is dependent upon the type of transition metal cation, the oxygen 
activity, the temperature and the dopant level; not all regimes are observed for all 
compositions. The strength of this model is to provide qualitative information about defect 
concentrations, however the drawback of this model is the treatment of the electronic defects.  
 
The first of these corresponds to a region (R I) where δ > 0 and where the material is 
hyperstoichiometric. 
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•=+ B
'''''' B][3][3 MnLa VV       (Eq.20) 
This region is followed by a stoichiometric region (R II) where the material acts as a 
controlled valence semiconductor and δ = 0. 
•= B
' B][ LaSr         (Eq.21) 
One of the most important features of these materials is that the compensation of the acceptor 
does not change abruptly from electronic to vacancy compensation, but there is an extensive 
region in which the compensation is mixed. Here the material is hypostoichiometric; δ now 
becomes negative and lies between 0 and –x/2, where x is the concentration of the acceptor (R 
III). 
••• += B
' B][2][ OLa VSr       (Eq.22) 
Next there is a region (R IV) where the material is vacancy compensated and the value of d is 
fixed at δ  = x/2. 
][2][ ' ••= OLa VSr        (Eq.23) 
And finally, the material becomes reduced (R V), and we get the production of oxygen 
vacancies and electrons: 
][2B'B
••= OV         (Eq. 24) 
 
To compare with experimental data, we now need to examine a number of materials. 
Nonstoichiometry data for three 3,3 acceptor-doped perovskites with the B cations Mn, Fe, 
and Co are shown in figure 10 as a function of PO2 at 1000oC [68,69]. It is clear that the 
manganite is hyperstoichiometric (R I, δ > 0) at high PO2s (PO2 ~ 1), even though it is acceptor 
doped. As the PO2 is lowered, the manganite shows a plateau corresponding to R II behaviour, 
i.e., δ = 0. This behavior implies that the oxygen vacancy concentration will be very low 
indeed, and this remains true even for quite heavily acceptor doped material. The manganite 
material shown in figure 11 does not become hypostoichiometric (R III, δ < 0) until oxygen 
partial pressures approaching 10-10 atm. are reached. Thus, under normal SOFC cathode 
operating conditions, the manganite materials are expected to have low vacancy 
concentrations and consequently low oxygen self-diffusivities. A more extensive set of 
nonstoichiometery isotherms for the manganite compositions has been published by Tagawa 
[70]. 
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Figure 9: Brouwer diagram Brouwer diagram for an acceptor-doped La1-xSrxBO3+δ oxide showing the 
oxygen content, δ, oxygen vacancy concentration, [ ]••oV  and electrical conductivity, σ, as a function of 
oxygen partial pressure in the five conductivities regime [66] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Nonstoichiometry data for the acceptor-doped perovskites La1-xSrxBO3+δ  
(B = Mn, Fe, and Co) as a function of PO2 at 1000oC [68, 69] 
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In comparison to the manganite, the cobaltite and ferrite are seen to be in the mixed 
compensation region (R III) at high PO2s, where the value of δ lies between 0 and -x/2. Thus, 
fairly high oxygen vacancy concentrations, and consequently oxygen diffusivities, are to be 
expected under normal cathodic conditions. For the ferrite, a plateau is seen at the lower PO2 
that corresponds to R IV behaviour, indicating that the acceptor is vacancy compensated and 
the material would become a predominantly ionic conductor. From these data, and the 
preceding analysis, it is obvious that there are significant changes in the defect populations in 
these acceptor-doped materials that depend on the temperature, oxygen partial pressure, and 
perhaps most importantly, the identity of the transition metal in the B-cation site. It is then 
important to observe how composition changes affect the oxygen transport properties of these 
oxides. 
 
2.2 Diffusion Database  
 
A database has been created from the extensive list of isotope oxygen 18O2 diffusion 
parameters in oxides published in the literature. We have been attempting to mine data 
provided by the database in order to predict the performance properties of materials. The 
database contains compositional and oxygen transport property data of ceramic materials, i.e., 
18O2 annealing pressure, time and temperature, diffusion and surface exchange coefficients, 
sintering temperature, etc.  
 
In the first part (1-210, 5% of the values), diffusivity values or the two Arrhenius parameters 
have been published in the literature. All the other data appeared in graphical form. In order to 
convert them to tabular form, each published figure was scanned into a personal computer, 
and the image digitized using the software Digitize [71]. Values 1-2665 are from common 
oxygen ion superionic conductors (perovskite, fluorite, perovskite related structure, etc) and 
all values have been evaluated from IE/SIMS. Values 2666-3294 have been reviewed by D. 
R. Cole & S. Chakraborty [72] and are diffusion data from minerals and natural rocks 
resulting only from IE/SIMS analysis and nuclear reaction measurement. The last section 
(3295-5592) covers several experimental fields and/or diffusion techniques, which have been 
published in articles in the 1960’s and investigation had been extended to numerous other 
class of materials (other Oxides, Glass, Minerals).  
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The architecture of the database is now explained for future users. A schematic overview of 
the diffusion database is shown in figure 11 (a)&(b). The database is an Excel spreadsheet 
divided into three spreadsheets, named 1), 2) & 3) in figure 11 (a). The first sheet is the 
extensive database and contains a database entry number, large experimental data 
(temperature, propeties, materials …) and the reference source. The database entry number is 
consistent among the three spreadsheets and enables a consistent data bookkeeping. The 
second spreadsheet is used for the prediction algorithm to convert the materials name in 
chemistry elemental composition/stroichiometry. The third page summarises only the 
diffusion and surface exchange data for all the database entries. Only data from isotope 
exchange and nuclear reaction materials were selected for this survey. The diffusion database 
is free to access and can be requested from a member of the Fuel Cell Research Network.  
 
On the attached CD, in Appendix B, Oxygen Ion Diffusion and Surface Exchange Coefficients 
Data Base, only entries with data of oxygen ion diffusivity and related surface exchange 
values have been summarised in table 1B. This appendix is represented by database 4) in 
Figure 11 (b).  
 
 
Figure 11: Schematic overview of the diffusion database in the file (a) and in the appendix (b) forms 
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An interesting feature can be extracted from the database: the large entry number does not 
reflect a large chemical space: indeed, on the A-site most of the perovskite studied are 
lanthanum-based (97%), with the exception of one samarium-based oxide survey [73]. Two 
thirds of the compositions have one A-site chemical element (La), while the last third is A-
site-doped with mainly strontium. On the B-site, manganese, cobalt and iron are the main 
elements investigated.  
 
2.2.1 Diffusion in Mixed Electronic-Ionic Conducting Oxides (MEICs) 
MEICs display some very interesting electrochemical properties and because of this are used 
as cathodes for the SOFC, both at high and intermediate temperatures, and in permeation 
membranes for the separation of oxygen. The materials chosen for the development of 
commercial application are based on perovskite MEICs; however, most of them have very 
complex compositions involving both A- and B-site substitution. This situation can lead to 
problems in any discussion of the literature on these materials because families of materials 
are often referred to by the use of acronyms. For example, LSM and LSCF are often used to 
denote cathode materials, but these acronyms cover a range of materials of various levels of 
Sr substitution, B-site substitution, and often A-site deficiency, leading to sets of materials 
with very different properties. The exact composition must thus be used to compare the 
oxygen transport properties within and between each group of materials. As a further note of 
caution, it is also rare to see detailed analysis of the purity of the materials, which might affect 
the transport of oxygen, particularly in ceramic samples where the grain boundaries can affect 
the overall transport rates. 
 
2.2.1.1 The Effect of B-site Cation on Oxygen Diffusivity 
Only one systematic study has been carried out to investigate the effect of B-site cation on 
oxygen diffusivity [6]. The effect of doping La0.8Sr0.2MnO3+δ with cobalt is shown in figure 
12. The substitution enhances the diffusivity by five orders of magnitude and the surface 
exchange coefficient by two orders of magnitude at 1000oC. This is quite an interesting 
finding, because the level of strontium substitution on the A site remains constant. Clearly, the 
nature of the B cation is again determining the nature of the neutrality approximation, and it 
would be apparent from the earlier data given in Figure 12 that we are moving from 
La0.8Sr0.2MnO3+δ (R I) to La0.8Sr0.2CoO3-δ (R III). Up to 20% cobalt substitution, there is only 
a slight variation on diffusion parameters, whereas further substitution enhances both the 
oxygen mobility in the ceramic and at the surface.   
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The reader will also find that even for other other properties (lattice parameters, chemical 
diffusion/electrochemical/electrical measurements) few systematic studies have been 
performed or published in the same system: several studies have focused on substituting 
entirely the content of either A-site or B-site cations. These studies gave an empirical flavour 
for each cation, but no precise information on the level of doping required to optimise the 
required parameters.  Even if a study is limited to a system, a non-systematic approach 
provides very little information or trends over the full range: for instance in the La1-xSrxCo1-
yFeyO3-δ system, oxygen stoichiometry variation with pressure has been studied for three 
disparate compositions [74]. A few exceptions have been noticed and two systematic B-site 
dependency [75,76] and one A-site dependency [77] studies have been published for the 
LSCF series.  In the La1-xSrxMn1-yFeyO3-δ system, an early study [78] of the lattice properties 
and thermal expansion coefficients had been published.   
 
Figure 12: The oxygen self-diffusion coefficient, D, and surface exchange coefficient, k,  
for La0.8Sr0.2Mn1-yCoyO3-δ  at 1000oC as a function of Co site y [6,7] 
 
From this database, some trends such as the effect of A-site or pressure on oxygen diffusion 
into perovskite, fluorite and perovskite related materials have been drawn and published in the 
survey paper [47]. 
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Since our publication the synthesis of cobalt free SOFC cathode materials [79] has been 
driven by the fact that cobalt-based perovskite are less stable with LSGM electrolyte. 
Moreover cobalt is up to 40% more expensive than nickel, so a systematic, but still manually 
produced, approach has been undertaken to first replace B-site cobalt with nickel in the La1-
xSrxNi1-yFeyO3-δ [80], La0.6Ca0.4Mn1-yFeyO3-δ [81] systems or in the more exotic LaMo1-
yNiyO3-δ pseudobinary [82] system. These efforts highlight a potentially exciting new area to 
screen for new materials.  
       
2.2.2 Prediction Algorithm 
Using the compositional information of the material we have tried to predict the diffusion 
coefficient of the ceramic materials in the dataset using the predictive algorithm described 
below. This work had been carried out by Daniel Scott at University College London to tackle 
the management of a large volume of data and had been published in a co-authored article 
[83]. Predictive algorithms had been developed to indicate the best compositional space to use 
for the searching process.  
 
2.2.2.1 Application of the Artificial Network  
The relevant composition and property data was extracted from the dataset and imported into 
Matlab®, which was the program used to perform artificial neural network (ANN) 
training/simulation. Matlab provides an ANN toolbox which allows rapid application of ANN 
techniques. The initial ANN used is a multi-layer perceptron (MLP) network consisting of 
input, hidden and output layers. The network contains weight vectors which determine the 
output of the network. There is one weight vector for each of the hidden nodes which are used 
in processing the input-hidden stage and one weight vector for each of the output nodes which 
is used during the hidden-output processing. The network operates by calculating the scalar 
product of the input vector and each weight vector which is then propagated to the hidden 
nodes. Then the hidden nodes, which have been selected to 15 via errors and trials in this 
survey, have been evaluated by calculating the scalar product of the hidden node vector and 
the hidden-output weight vector. 
 
The weight vectors are initialised to random values and are then adjusted using a training 
process in which the network “learns” the input-output relationship. The weights are adjusted 
by comparing the output given by the network with the value contained in a “training 
dataset”. The error between the prediction and the actual output is back-propagated through 
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the network and is used to adjust the weights, such that the performance improves with each 
application of the training dataset. 
 
The input data used for mining of the database mainly contains the compositional information 
of each material. However, the oxygen diffusion dataset contains many records which consist 
of measurements of identical materials which are made at different temperatures (annealing 
temperature). The measurement temperature is therefore included as an input variable. The 
materials consist of Group II, transition metal, lanthanoid oxides. The dataset contains 33 
different element (Al, Ba, Bi, Ca, Cd, Ce, Co, Cr, Cu, Dy, Fe, Ga, Gd, Ho, In, La, Mg, Mn, 
Nb, Nd, Ni, O, Pr, Sc, Si, Sm, Sr, Ti, V, Y, Yb, Zr). The proportions of these elements, along 
with the temperature at which the diffusion coefficient was measured are the network inputs. 
 
The training of a neural network is more stable if the training data is preprocessed. All of the 
data is scaled so that the mean value is 0 and the standard deviation is 1. Following this, 
Principal Component Analysis (PCA) is performed on the inputs. This technique transforms 
datasets so that patterns in the data are highlighted. PCA is also useful for identifying 
correlations between the data inputs. This correlated data is redundant and PCA allows one to 
compress data, and reduce the dimensionality of the dataset, without much loss of 
information. PCA is used to reduce the dimensionality of datasets to reduce the computational 
complexity required during neural network training. PCA of the dataset allowed the dataset to 
be reduced from 33 elements to 16 by ignoring 2% of the variation of the data. A common 
problem when training neural networks is “over-training”. Overtraining occurs when the 
network has been trained to the extent that the “training dataset” used to train the network has 
been memorised. When the network is supplied with a “test dataset” containing data which 
has not been used to train the network, the accuracy of the predictions is poor. To prevent 
overtraining, a third dataset, known as the “validation dataset” is used. As training progresses, 
and the network weights are adjusted, the network is used to predict the values contained in 
the validation dataset. Initially, the accuracy is poor, but increases as training progresses. 
However once the network begins to memorise the training dataset, the accuracy of the 
prediction of the validation dataset decreases. When this occurs, the network is becoming 
over-trained, and so training is halted. 
 
The datasets used in this experiment are randomly selected from the available data. The 
validation dataset contains 200 records, the test dataset contains 100 records and the training 
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dataset contains the remainder of the data (≈ 450 records). The computational requirements of 
the training process are low; on a 1.6GHz single processor machine, the training of 700 data 
inputs was completed in 3600 epochs, which is the prediction step of the full experimental 
library, and took approximately 1 minute. An advantage of ANNs is that once the training is 
complete, predictions can be calculated extremely quickly. 
 
The diffusion coefficient varies over a wide range (over 4 orders of magnitude) and our initial 
training attempts resulted in extremely poor accuracy. Performing the training using a 
logarithmic scale for the diffusion coefficient provided much better results. 
 
2.2.2.2 Results and Analysis 
The trained network was used to predict the log of the diffusion coefficient, whose units were 
cm2s−1, of the test dataset. The mean square error of the predicted data compared to the 
experimental data is 2.94 (dimensionless since we are working with the log of the diffusion 
coefficient). The correlation between the experimentally observed diffusion coefficient and 
the predicted diffusion coefficient is shown in figure 13 which demonstrates the accuracy of 
the predictions. The figure shows the log of the diffusion coefficient of the materials as 
predicted by the ANN compared to the log of the diffusion coefficient as determined by 
experiment. The plot also contains an ideal line with slope 1 and a fitted line which has a 
gradient of 0.84 and a y-intercept of -2.85. The correlation coefficient (R2) is 0.78. 
 
Whilst the ANN’s predictions agree with the experimental values in this dataset, it should be 
noted that the network uses the experimental results as part of the training process and is 
therefore subject to the error in this experimental data. The ANN will never be able to provide 
predictions which are more accurate than the error in the experimental measurements. 
Unfortunately, the dataset only contains errors for ≈ 3% of the records. Due to the lack of 
error information, we are unable to perform comparisons between the ANN and experimental 
data and determine whether or not the ANN predicts values within the experimental error. 
 
Moreover, the results in figure 13 show that ANN can predict the diffusion coefficient of 
ceramic materials simply from their composition and experimental measurement temperature. 
Whilst this will be very useful, it should be pointed out that predictions for materials which 
are different from the materials used to train and validate the network, and which predict 
materials with values outside of the trained range are likely to be inaccurate. In other words, 
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ANN would expect the network to perform well in interpolation, but be weaker in 
extrapolation. The linear regression of the predicted value from ANN, green line, is slightly 
different from the experimental data, blue line, f(x) = x.     
 
 
Figure 13: Performance of the neural network used to predict the diffusion coefficient of an “unseen” 
dataset. 
Since the performance of the network is rather good using simply the compositional 
information of the material, better results should be possible when other (possibly more 
pertinent) input variables such as ionic radius and Pauling’s electro-negativity are taken into 
account. Kuzmanovski [74] used ANNs to predict unit cell parameters of perovskite materials 
using ionic radii alone whilst Chonghe [75] have carried out ANN lattice constant predictions 
using electro-negativity and valences in addition to ionic radius. These new input variables 
could be updated to the algorithm in a near future. 
The most suitable compositions to test the feasability and accuracy of a combinatorial 
approach is in the La0.8Sr0.2Mn1-yCoyO3-δ pseudo-binary system as structural and oxygen 
diffusion trends have been already obtained. To check the good interpolation of the prediction 
algorithm, a systematic study had been used to assess structural features in the 
(La,Sr)(Mn,Co,Fe)O3 perovskite system as dispersate compositions had already been 
surveyed. Trends should then be compared to previous non-systematic results.      
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Chapter 3 Experimental Techniques 
 
3.1 Samples and Combinatorial Library Synthesis 
 
3.1.1 Ceramic Pellets  
Commercially produced La0.8Sr0.2CoO3-δ (LSC) and La0.8Sr0.2MnO3-δ (LSM) were used in this 
study, and supplied by Praxair Specialty Ceramics Inc. Individual pellets were synthesised by the 
method described in the next paragraph. A La0.8Sr0.2Mn1-xCoxO3+δ (LSMC) pellet series was 
sintered at 1350oC to provide X-ray diffraction standards for future comparison, while several 
LSC pellets were sintered at different temperatures to observe pore sizes, and were used to 
determine the sound velocity calibration curves for scanning acoustic microscopy.  
 
Usually conventional pellets were prepared in three stages: powder synthesis, pellet making and 
surface preparation. The first stage addresses the synthesis of perovskite powder from oxides via 
the nitric/ citric acid route. Then, the powders are pressed with or without a binder into pellets in 
two steps: in a thickness orientation uni-axial press at low pressure (200 bars) and in an isostatic 
press at up to 300MPa. They are then sintered during a few hours at the chosen temperature. 
Finally, the surface is abraded three times with silicon carbide paper (600, 800, 1200 grade), 
polished with a diamond suspension down to a quarter micron finish. The pellet is eventually 
washed in an acetone bath by ultrasonic waves to remove most of the surface preparation 
residues. For this project, LSMC pellets were synthesised directly from the commercial precursor 
powders.  
 
3.1.2 Combinatorial La0.8Sr0.2Mn1-xCoxO3+δ  Series 
Two ceramic powders of 99.9% purity were purchased from Praxair Specialty Ceramics Ltd.: 
La0.8Sr0.2CoO3 (designated LSC) and La0.8Sr0.2MnO3 (designated LSM). Particle size 
distributions were measured using a Malvern Zetasizer Nano ZS (Malvern Instruments, Malvern, 
U.K.). The mean particle sizes of the as-received LSM and LSC were respectively 700 and 400 
nm, respectively. Since the powders were relatively coarse for ink preparation, they were milled 
in a high-energy Dyno mill (Model KDLA, Glen Creston Ltd., Middlesex, U.K.) with 1 mm 
zirconia grinding media for 1 h. A Micromeritics Gemini 2360 (Micromeritics, Norcross, GA) 
BET surface area analyzer was employed to determine the powder surface area before and after 
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milling. The surface area of the original LSM and LSC powder were respectively 3.9 and 3.4 
m2g-1 and after milling it increased to respectively 12.3 and 46.8 m2g-1. To obtain well-dispersed 
ceramic inks, a dispersant, Darvan 821A (R.T. Vanderbilt Co. Inc., Norwalk, CT), was used to 
stabilize the suspensions. The sedimentation behaviour of the inks was observed as an indication 
of suspension stability. After 24 h, 95% of both powders remained in the bulk suspension. The 
actual tests, which have been undertaken to optimise the ink compositions, have been published 
recently [86]. The inks were then made with the compositions as listed in the following weight 
percent ratio: 
 
30.5% LSC or LSM: 6.5% DispexA40: 62.0% Distilled water; 1% Acrysol5000 
 
The ink dispensing system, the London University Search Instrument (LUSI), combines a high-
resolution displacement syringe pump with a highspeed microsolenoid valve leading to the 
dropping tip. The movement of the printing system is controlled by a modified Devices Cartesian 
Technologies ProSysTM 4510 system with an overhead XYZ platform [87], and an 8-channel 
dispenser to transfer liquid to different positions. Initially, the syringe and the valve are primed 
with enough isopropanol until they are fully filled; this controls the volume and dropping 
behaviour of the ink held in the tip. The dispenser is then moved to the ink well to aspirate 8μL of 
the ink (a small volume is aspirated to avoid contamination of the valve). The dispenser is then 
moved to the wash station and the syringe pushed while the valve is closed so as to set up a pre-
pressure in the liquid. A small volume of the ink (10nL) is then pre-dispensed 20 times to achieve 
the correct steady state pressure (SSP). Finally, the dispenser is moved to the Pt coated alumina 
support for the printing of the ceramic dots. A volume of 10nL, is dispersed 100 times to build up 
a 1μm ink drop. The volume of the dot is easier to control this way, rather than dispersing one 
large volume in a single deposition. The final drop is then left to dry. By this way, combinatorial 
dot arrays of 5x8 dots are printed on alumina 25*75mm plates coated with platinum and are then 
finally moved to a furnace for sintering. On figure 14, a LSC array library produced by LUSI is 
shown. To produce the LSMC system with varying cobalt content of x from 0 to 1 in increments 
of 0.1, LUSI printed a series of 11 dots of source perovskite ink mixtures.  
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Figure 14: LSC combinatorial synthesized dot arrays 
 
On this system series, Scanning Electron Microscopy (SEM) Imaging has been carried out. Non-
destructive Energy Dispersive Spectrometry (EDS) and Scanning Acoustic Microscopy (SAM) 
tests were tried. Also, a trial of automated phase observation was considered using the Philips 
X’Celerator X-ray diffractometer with a micro-monocapillary beam (µ-XRD). For each set of 
composition, a systematic characterisation has been undertaken as a preliminary study before 
characterising the oxygen ion diffusivity in the ceramic: two dots (≈5mg) of each composition 
were ground to powder, which were then analysed by X-ray diffraction (XRD), followed by 
ThermoGravimetric Analysis (TGA/DSC), then by High Temperature X-ray diffraction (HT-
XRD). The powders were finally diluted in a solution to be analysed by Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS). The different techniques named above will be described in 
more detail in the Characterisation Techniques Section. One other dot of each composition has 
been heated up and analysed with Raman scattering to observe the change of structure. For some 
compositions, the oxygen ion diffusion coefficient has been measured by undertaking an oxygen 
enriched gas/ceramic Isotope Exchange followed by post-mortem Secondary Ion Mass 
Spectrometry (SIMS) analysis.    
  
3.1.3 Combinatorial La0.8Sr0.2Co1-y-zMnyFezO3+δ  Series 
Commercial high purity oxide and carbonate powders were used as sources for the metal cations: 
La2(CO3)3, SrCO3, MnCO3, Co3O4 and Fe2O3. Since the powders were relatively coarse for ink 
preparation, they were milled in a high-energy Dyno mill (Model KDLA, Glen Creston Ltd., 
Middlesex, U.K.) with 1 mm zirconia grinding media for 1 h. Heterogeneous size particle were 
separated by centrigugation in order to achieve an homogeneous size particle powder. To obtain 
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well-dispersed ceramic inks, a dispersant, Darvan 821A (R.T. Vanderbilt Co. Inc., Norwalk, CT), 
was used to stabilize the suspensions. A thixotropic agent, Acrysol 12W (Rohm and Haas 
Company, Philadelphia, USA) was used to prevent compositional segregation during drying of 
ink mixtures [88]. The sedimentation behaviour of the inks was observed as an indication of 
suspension stability. 
 
The London University Search Instrument (LUSI), an aspirating-dispensing ink-drop printer 
work station was employed to deposit arrays of droplets. To produce the LSCMF system with 
varying manganese and iron content of y and z respectively from 0 to 1 in increments of 0.1, 
LUSI printed a series of 66 dots of source powder mixtures, which were first dried in ambient air 
and then heated at 1250ºC to promote inter-diffusion and reaction to give the perovskite phase.  
 
In this work, a systematic characterisation of the La0.8Sr0.2Co1-y-zMnyFezO3+δ  system (LSCMF) 
has been carried out to measure how phase purity, thermal expansion coefficient and oxygen non-
stoichiometry varies with composition in this pseudo-ternary solid solution. For simplicity, in 
what follows, the composition is reduced to the following notation, LSCMF 82325 for 
La0.8Sr0.2Co0.3Mn0.2Fe0.5O3+δ  and LSCMF 82046 for La0.8Sr0.2Mn0.4Fe0.6O3+δ  etc. 
La0.8Sr0.2CoO3+δ and  La0.8Sr0.2FeO3+δ are noted LSC and LSF respectively. For each set of 
composition, two dots (≈5mg) of each compositi on were ground to powder, which were then 
analysed by X-ray diffraction (XRD), followed by ThermoGravimetric Analysis (TGA/DSC). On 
some selected powders High Temperature X-ray diffraction (HT-XRD) experiments have been 
undertaken or the samples were diluted in a solution to be analysed by Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS).  
 
3.2 Characterisation Techniques 
To validate a high-throughput characterisation of the perovskite samples, several techniques have 
been used to carry out quality tests. Some of them were only used once and for this reason the 
techniques will not be described in full detail and the reader is invited to have a look at literature 
books specialised on surface analysis techniques [89,90]. 
 
 
                                                                                           Chapter 3 – Experimental Techniques 
45 
3.2.1 Shape & Size Characterisation 
Imaging of LUSI samples has been realised via two kind of instruments:   
 
• Two Scanning Electron Microscopy (SEM) instruments JEOL JSM-5610LV and JEOL 
JSM-840A were used to image dot surfaces and bulk via the analysis of dot cross sections 
and to estimate the porosity at the surface of the dots and in the bulk via the analysis of 
dot cross sections.  
 
• Focus Ion Beam (FIB) Imaging was realised on a FEI workstation 200. The FIB 
microscope images were obtained through bombardment of the sample surface with ions 
from a liquid Ga ion source. These ions are accelerated at 30keV and focused to a beam 
size of around 5nm. FIB Image of dot surfaces were used to characterise grain size & 
morphology to assess the sintering stage of combinatorial dots.   
 
3.2.2 Phase/Structural configuration Characterisation 
The Philips PANalytical X’Celerator rapid multi-sampling XRD detector has been used to 
quickly undertake automated XRD in conjunction with a 0.5 mm diameter, 25 cm long 
monocapillary supplied by Almelo, to position the beam accurately. Measurements (µ-XRD) 
were carried out on the first three LUSI sample spots on the substrate, and for comparison 
measurements were taken at different places on the substrate itself. Results show that it is 
possible to use this configuration for phase identification and to monitor lattice change in the 
spots. Sufficient intensity for this purpose can be collected in around 6 minutes per measurement 
(XRD scans with 2θ varying between 20o and 90o) when exploiting the speed of the X’Celerator. 
Where time allows, it is straight forward to increase the counting time and reduce the step size, 
but this is not necessary. 
 
What can also be clearly shown is the effect of the particle statistics upon measuring such a small 
number of crystallites. This was most clearly visible in the study of different positions on the 
substrate. Spots were taken just 1 mm apart, yet clear differences in intensities were observed. 
This was in part because the material was non-homogeneous on this scale, but also because the 
crystals being measured cover only a small number of orientations. This means for some 
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reflections we find a crystal that satisfies the Bragg angle precisely, while for others we are just 
off the reflection. In normal polycrystalline diffraction this effect averages out but in 
microdiffraction it must be taken into account. Two kinds of scan were attempted:  
 
• 2θ = 20-75
o 
scan at 0.025
o 
steps, 20s time, scan rate = 0.00125
o
/s (6 mins with X’Celerator, 
12hr with a conventional X-ray diffractometer) made with 5 mm mask, 1/2
o
• 2θ = 30-33
slit (~1.5 mm).  
o 
scan at 0.020
o 
steps, 100s time, scan rate = 0.0002
o
/s (2 mins with X’Celerator, 
4hr with a conventional X-ray diffractometer) made with 5 mm mask, 1/2
o 
 
slit (~1.5 mm).  
As long as the combinatorial dots were localised precisely on an array, a one hour and a half scan 
enables to measure XRD patterns of the eleven compositons in the LSMC system.  
  
In parallel, LSMC and LSCMF perovskite phases were determined by X-ray diffraction with a 
conventional Phillips PW17010 automated powder diffractometer equipped with a secondary 
graphite crystal monochromator and using CuKα radiation (λ =0.154178 nm). For each 
composition, two to four combinatorial samples were ground down to powders. XRD 
measurements were made relative to an external silicon standard. For standard phase 
identification analysis, samples were scanned in the region 2 θ = 20-90 ° using either a step size 
of 0.04 °/s for the short scan or a step size of 0.01 °/s for the long scan. XRD standards of 
ceramic pellets have been achieved on the same diffractometer.  The conventional XRD patterns 
have been realised to check the accuracy of the µ-XRD patterns. The main advantages of the µ-
XRD compared to conventional powder XRD are that it is a quick high and non destructive 
throughput technique as the sample had not to be crushed.  
 
To observe the effect of temperature on the perovskite structure, High Temperature X-ray 
diffraction (HT-XRD) was performed on a selected range of compositions. Sample powders were 
introduced into the HT-XRD Philips instrument. Sample powders were deposited on a Pt-Ir foil, 
and then heated from 35°C to 600°C with measurements being made every 100°C. The XRD 
patterns were then post analysed after indexing and sorting the powders and foil peaks.  
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From the XRD patterns post analysis, a hexagonal structure was deduced [91] and lattice 
parameters were calculated using the freeware UNITCELL [92]. Two lattice parameters a and c, 
coupled with the cell volume were then extracted for each composition. In this first report, 
compositional properties of the LSCMF system have been studied and are displayed in a contour 
plot. A contour plot representation of the data has been employed as this facilitates easy 
identification of regions of compositional interest. The plots are generated by ordering the 
manganese and iron contents along x and y axes, respectively. Compounds for which a property 
has been calculated therefore form a grid of points. The material’s property of interest (the 
independent variable) is displayed by the contours of varying colour. Warm colours represent 
high values, whilst cool colours represent low values [93]. Data values that fall between 
experimental results were interpolated via the Kriging method [94,95], which is a modified 
weighted average interpolation approach. The weights are calculated by solving sets of linear 
equations based on the variance of the data being interpolated while the original dataset remains 
unchanged after the interpolation has been performed. The contour lines themselves connect 
equal property values. 
 
Structural configurations of lanthanum-based LSMC perovskite series were analysed via Raman 
scattering. It is the first time a systematic Raman survey was carried out on a LSMC system. The 
Raman scattering experiments were performed in the spectral range of 200cm-1 to 1100cm-1 at 
300K, using the 514nm line of an argon ion laser. The laser beam was focused onto the sample 
with a ×50 objective yielding a spot size of approximately 3µm and a laser power density of 
1mWµm-1 at the sample surface. The spectra were recorded in back scattering geometry using a 
Renishaw 2000 imaging system. The silicon 520.5 cm-1 Raman line was used as a calibration 
standard. This work has been carried out by T. Zhang and K. Yates under the supervision of 
Professor L.F. Cohen at the Blackett Laboratory, Imperial College London.   
 
3.2.3 Composition Characterisation 
During the FOXD automated production, careful attention has been paid to prevent 
contamination. However, the difference in parent powder purities and the large number of 
production stages might be a source of contamination. Composition characterisation has been 
carried out via two techniques:   
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• Energy Dispersive Spectrometry (EDS) - Inca X’sight modulus from Oxford Instruments 
coupled with the SEM JEOL JSM-840A - was used to measure the ratios between the 
different chemical elements. The cross section EDS were realised twice with either carbon 
or gold coating. A silver tag was painted between the combinatorial dot array and the 
ground to discharge the surface from electron induced charges during the SEM imaging. 
The dot cross-sections were realised at Ceres Power Ltd. The cross sections were realised 
by cutting the alumina plate close to the dots with a diamond saw. The dots and substrate 
were then mounted in organic resins. The resin block was polished down to the middle of 
the dots. 
 
• Inductively Coupled Plasma Mass Spectrometry (ICP-MS) was carried out using a Varian 
instrument VISTA PRO ICP-AES at the Natural History Museum, London. Powders used 
for the conventional XRD tests were then diluted in a solution and were then introduced 
in, and analysed by, the Varian instrument.  
 
3.2.4 Density Characterisation  
To carry out useful isotopic exchange experiments the dots must have a density of no less than 
95% [96] of the theoretical density; this is to ensure that the diffusion is not dominated by 
diffusion via pores. Scanning Acoustic Microscopy (SAM) provides a non-destructive means of 
measuring the dot density and has been previously used to characterise sub-phases, pore size 
and/or volume fraction [97]. Pore volume fraction is related to the sound wave velocity by a 
mechanical model [98].  
 
The dot shape and pore size have been determined by imaging both the surface and a cross 
section of the LSC dot by SEM. The Young’s modulus of LSC can be determined experimentally 
via the scanning acoustic technique into traditional pellets. However, the Poisson ratio of LSC 
has been chosen to be 0.3 from the literature for other closely related perovskite materials [99-
101]. The theoretical density of LSC has been calculated from the lattice parameters obtained by 
neutron diffraction [102]: its calculated value is 7.04 g/cm3. 
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The sound velocity was measured in the LSC pellet, perpendicular to the face of the pellet, using 
a pulse echo technique. From the LSC pellets the elastic parameters could be measured and used 
for the measurement of the dots. A planar transducer of 10MHz and 20MHz centre frequency 
generated sound waves. The samples were immersed into water and the transducer was lowered 
to approximately 1-3 cm above the face of the pellet, depending on pellet thickness. The 
waveforms of various pulses/echoes were captured first by an analogue oscilloscope. The gain of 
the receptor and the parallelism between the two faces of the pellet and the transmitter are then 
validated. A numerical oscilloscope is then used to measure the time-of-flight differences 
between two echoes formed by the reflection of the waveform in the material. 
 
Knowing the thickness of the related known-density pellet, wave velocities were determined for a 
few densities and a calibration curve has been so drawn and fit to a micromechanical model [98]. 
The same approach was used to perform porosity measurements on a few ink-dropped dots, 
whose top surface was flat. From the wave velocities measured and the calibration curves, the dot 
porosity was estimated. 
 
3.2.5 Oxygen Content Variation with Temperature 
The sintering conditions used to fabricate the perovskite dots determine the final oxygen content 
of the ceramic oxide. As described in the introduction chapter, the oxygen content did indeed 
have a very important effect on oxygen ion diffusion, i.e., ionic conductivity but it also had a 
significant effect on the electrical conductivity. A good understanding of the B-site influence on 
oxygen stoichiometry in the perovskite phase could help identify better potential cathode 
materials.  
 
3.2.5.1 Differential Thermogravimetric Analysis (DTA) 
The oxygen stoichiometry was therefore measured using thermogravimetric analysis in flowing 
air using a Netzsch STA 449C Jupiter simultaneous TG-DTA/DSC instrument. Two to four dots 
of each sample were ground to powders, which were then measured from room temperature 
through to 1040°C. In order to evaluate the nonstoichiometry of the dots, it was assumed that 
every dot synthesised by the LUSI robot initially had an oxygen stoichiometry of ≈ 3. 
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3.2.5.2 Thermal Imaging 
An attempt has been made to characterise the oxygen variation with temperature thanks to 
thermal imaging. One essential piece of information for a new material is its oxidation 
temperature. The infrared camera can detect the thermal signature of the oxidation process. 
Samples of many different compositions can be in the field of view of the camera at the same 
time and allow fast combinatorial measurements. Within this study, eleven LSMC dots have been 
deposited on an alumina plate and the library was then heated steadily from room temperature to 
800 °C and continuously monitored by the thermal camera. 
 
The imaging data were obtained using a Cedip Silver infrared camera [103]. This camera is based 
on an InSb focal plane array detector. The detector is cooled to below 80 K by an internal Stirling 
cooler. It is sensitive to infrared radiation with wavelengths from 3 μm to 5 μm. For temperatures 
above 200 °C a narrow band filter was used, which limited the sensitivity to the range 3.97 μm to 
4.01 μm. The image consists of 320×256 pixels and can be recorded at up to 100 Hz with any of 
the used integration times. In some cases up to ten successive images were averaged to reduce the 
noise. The camera has been calibrated at the factory for a variety of different combinations of 
integration time, filters and lenses. This calibration includes corrections for non- uniformity of 
the detector array and bad pixel replacement. In this study, the factory calibration was used and 
the camera settings chosen accordingly. The resolution of the AD converter is 14 bit and the 
resulting, temperature-range dependent temperature resolution is given below for each 
experiment. The camera was used with its standard 27 mm lens and mounted either on a flexible 
arm or on a bench-mounted translation stage. The sample distance was always between 0.3 m and 
0.5 m, resulting in a spatial resolution of the order of 0.5 mm. 
 
All experiments were monitored with a type N thermocouple located as close as possible to the 
sample. This also served as a crosscheck for the thermal camera calibration. Its cold junction was 
either placed in ice water or controlled at room temperature. The thermocouple had been 
annealed at 950 °C but not individually calibrated. Nevertheless consistent readings between the 
furnace control thermocouples, infrared camera and monitor thermocouple were obtained.  
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Due to the high operating temperature of SOFCs, the experiments were carried out in furnaces. 
Two cylindrical furnaces were used: one horizontal tube furnace of 0.6 m length with an inner 
diameter of 40 mm, and one vertical split-case furnace with a 90 mm diameter sample space and 
0.6 m total length. The furnaces were temperature controlled using thermocouples located 
between the sample space and the heaters. One end of the sample space was blocked using 
thermal wool or bricks, whereas the other end was left open to allow optical access. This work 
was carried out on a trial with Dan Brett, Department of Chemical Engineering, Imperial College 
London and Stephan Schöttl from the National Physical Laboratory [104].  
 
3.2.5.3 Catalysis Experimentation Rig 
Powders from LSMC composition were sent to Alan Thurfield and Ian S. Metcalfe, School of 
Chemical Engineering and Advanced Materials, Newcastle University. One way to characterise 
the relaxation time for oxygen sorption/desorption is to carry out a Temperature-Programmed 
Oxidation/Desorption/Reduction (TPO/TPD/TPR) cycle on the powder samples. One 
composition at a time, the sample powder was introduced in the reactor chamber of the catalysis 
rig. The powder is then heated in a 20% oxygen enriched helium gas to high temperature 
(1000°C) and maintained at this temperature for an hour. During the TPO step, surface & bulk 
oxygen is fully desorbed to reach the thermodynamic equilibrium. A slow cooling (10°C per min) 
enables the surface to adsorb oxygen; this new species is then absorbed to penetrate the lattice. 
Helium is flowed into the reactor to remove traces of O2 in the gas lines and reactor. The sample 
surface is therefore cleaned and prepared for the TPD and TPR measurement. The TPD is first 
launched by heating the sample in helium to 1000°C at 10°C per min to measure the amount of 
oxygen desorbed by the sample. The sample is quenched to room temperature, and then re-heated 
in 5% H2 in helium 1000°C for the TPR step. A systematic test can be carried out on each 
composition by repeating the full cycle over and over. In this study, the full cycle has been 
repeated 4 times.  
 
3.2.6 Isotope Exchange / SIMS Technique 
Chater et al. [105] developed and optimised a technique, which is known as the Isotope Exchange 
Depth Profile IEDP. The IEDP procedure has been used to characterise oxygen ion diffusion onto 
traditional ceramic pellets. After synthesis, the ceramic pellets are then pre-annealed in a research 
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grade oxygen atmosphere (BOC 99.9995% pure) of normal isotopic abundance for a period of 
time one order of magnitude higher than the tracer annealing time [6] to create chemical 
equilibrium at the tracer annealing pressure and temperature. The pellet is then quenched to room 
temperature, the research grade oxygen is removed, and the labelled oxygen (20% enriched 18O2) 
is introduced. The sample is quickly heated up to the annealing temperature, annealed for the 
required time, and re-quenched to the room temperature. During the isotope exchange, the 
chamber pressure and the temperature are recorded by a PC, linked to a thermocouple and a 
pressure sensor. Mass spectrometry measurement of the labelled gas before and after the 
annealing allows the observation of 18O2 depletion or the change of 18O2 ratio in the chamber 
during the annealing. The ceramic pellet is then cut in half and the 18O adsorption and diffusion 
profiles are eventually determined by a post-mortem Secondary Ion Mass Spectrometry (SIMS) 
analysis of the pellet cross section. The 18O concentration values are fitted to the semi-infinite 
media diffusion solution to obtain the diffusion and surface exchange coefficient values, 
employing an algorithm subroutine written in MATLAB® [106], which will be later described in 
the Data Analysis Chapter. The annealing time has been calculated from the temperature heat-
anneal-cool profile based on the method of Killoran [107]. 
 
The IEDP technique has been proven to provide accurate results for both the self diffusivity 
coefficient and the oxygen surface exchange coefficient, if the theoretical condition to accept the 
diffusion into a semi-infinite medium [108], the experimental conditions on the isotope exchange 
[108] and the pellet density are correct. Indeed, as the studied phenomenon should be the ionic 
bulk diffusivity, close porosity prevents gas porous diffusion phenomena, which might short-
circuit diffusion process in the solid ceramic. Therefore, the pellet density must reach the 95% 
dense level [96]. It is obvious that the IEDP can not be followed for combinatorial ceramic 
libraries. Cutting the samples and the analysis of their cross section would be too time-
consuming, and therefore would undermine the project aim to analyse quickly a large number of 
samples. For this particular reason, the SIMS analysis has been constrained to depth-profiling 
from the sample top surface. As well as imaging capabilities the FIB workstation can also 
perform secondary ion mass spectrometry (SIMS) of the sputtered material. The depth profiles 
were carried out using a beam current of approximately 125nA and a scan size of 5μm x 5μm. 
Both 16O and 18O negative secondary ions were collected. 
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3.3 Experimental Plan 
Several samples/libraries of various quality have been produced from the LUSI work station. 
Quality has been assessed by different techniques. In this section, the sample sets, their properties 
and the different tests undertaken have been summarised.  At the beginning of the FOXD project, 
twenty-three libraries (A-W) were produced to check the production properties (samples shape, 
size and density) and library assessments. These initial libraries are mostly libraries of intially 
forty LSC or LSM samples. Only a few libraries have been used, essentially for porosity 
characterisation by SEM imaging or SAM measurement.  Those arrays have been collected from 
Queen Mary University London. Their description and the experiments carried out on them have 
been summarised in table A1 from Appendix A. 
 
Later on, further samples were produced automatically, and ceramic dots were sintered and 
preserved in a plastic tube, and therefore the produced « library » was divided in plastic 
containers, i.e., one for each composition. Two notations have been used to list the 
combinatorially produced samples: LSMC pseudo-binary system (Set #1-#11) have been 
produced this way from the perovskite parent inks at different temperature and each set contains 
eleven compositions. The number of samples in each container depended on the LUSI synthesis 
programme and/or the quantity of ink available at the production stage. Their description and the 
experiments carried out on them have been summarised in table A2 from Appendix A.  
In the middle of the FOXD project, a second label has been set up and each set is assigned to one 
container only, therefore to one composition. Sets 8-14 were still from parent perovskite 
powders, but the sintering temperature programme parameters (temperature values and dwell) 
have been tested for LSM and LSC only to improve the grain/surface sintering formation. Similar 
tests have been achieved on set 15- 18 and sets 60-62 but from oxide/carbonate starting powders. 
The LSCF system has been synthesised from the oxide/carbonate powders at two different 
temperatures, sets 63-73 and sets 74-84. For both series, the synthesis has been achieved by 
doping the B-site of LSC progressively with iron (Ser 63=LSC  Set 73=LSF). Finally, the full 
LSCMF system has been produced from oxide/carbonate powders. Table A3 from Appendix A 
summarised the expected compositions and production properties (dwell temperature & time, 
substrates). In this final table, the missing sample ID numbers referred to dielectric materials 
synthesised during the FOXD project.    
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Chapter 4 Data Analysis 
 
 
Previous measurements of oxygen diffusion in ceramics have been made on 18
 
O exchanged, 
approximately 3-4 mm thick, pellets. Values of D and k, i.e. the diffusion and surface 
exchange coefficients respectively, for LSM and LSC at 1273K were extrapolated from de 
Souza’s work [6,7]. Their thickness was large enough to accept the hypothesis of diffusion in 
a semi-infinite medium [108]. For the combinatorial experiment, printed dots will be used of 
very small geometry, i.e., to be either hemispherical or cylindrical with a radius a and only a 
height of, h = 0.5mm. Experimentally only hemispherical samples had been produced and 
their radius a is between 0.4 and 1.5 millimetre, which is the same order of magnitude as the 
oxygen diffusion length for a highly diffusive material such as LSC for a 90-min anneal. It is 
important to understand the effect of the change of geometry (and dimensions) on the 
isotropic penetration profile.  
4.1 Diffusion Model in a hemi-spherical sample 
 
Diffusion is controlled by Fick’s law :    
. ( )molJ D c
→ →
= − ∇           (Eq.25) 
where J denotes the oxygen ion flow, c, the oxygen concentration, and D, the proportional 
factor, i.e., diffusion coefficient, between the flow and the spatial derivative of the 
concentration of the studied element.  
 
In a conservative environment, the global balance of matter could be written as in equation 
26. The exchange rate k across the gas/solid interface dS is assumed to be proportional to the 
difference in isotope concentration between the gas and the ceramic, which leads to equation 
27. Our Partial Differential Equation PDE system S is composed by these two equations. 
 
2.mol
dc J D c
dt
→
= ∇ = − ∇          (Eq.26) 
 
. ( )gD c dS k c c− ∇ = −
 
         (Eq.27) 
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Finding an analytical solution, in one dimension, to S has been realised by Crank for several 
geometries [109]. The symmetry condition enables this model of diffusion into a sphere to be 
transposed into the diffusion in a hemisphere. This geometry is suitable to describe an 
ellipsoidal dot. A sphere of radius a, has an initial oxygen concentration Cb. It is then put in a 
gaseous environment, whose oxygen concentration is the same as Cb for t<0. The oxygen gas 
concentration is then increased to Cg
2
2
2
1
* * *exp( ) sin( )21
( ( 1)) sin( )
n n
b
ng b n n
D t r
C C La a a
C C r L L
β β
β β
∞
=
−−
= −
− + −∑
 at t=0 and maintains at this concentration level for t>0. 
If the diffusion phenomena are both limited by bulk diffusion (Eq.26) and surface exchange 
(Eq.27) processes, the diffusion solution will be described by the following equation:      
    (Eq.28) 
 in which L is the Biot number associated with the diffusion into the sphere, i.e., 
kaL
D
=           (Eq.29) 
and βn
n n cot( )+L-1=0β β
s are the roots of the boundary-condition equation, which can be reduced to: 
        (Eq.30) 
Figure 15 shows graphically the meaning of the roots βn: they are the intersections between 
the blue line cot(x) with the red, yellow and green lines for L=0.9, 10 and 100 respectively.  
 
Figure 15: Graphic explanation of Equation 30 
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To evaluate the diffusion profile, the calculation of thousands of βn
 
s roots are required 
especially for a shallow profile, i.e., for slow oxygen diffusion. The experimental data fit can 
be achieved by calculating the diffusion profile of a normalised concentration. This 
normalised concentration is the ratio between the difference between the labelled oxygen gas 
concentration and the one in the ceramic.  
The exact solutions were computed under MATLAB [106] and are dependent on the roots of 
the related boundaries-condition sub equation. The search of the sub equation roots employs 
the fzeros function of MATLAB and is the main step involved in the diffusion profile 
calculation. Another approach has been defined employing FEMLAB [110], the finite element 
sub-program of MATLAB. Here the calculation time, which is dependant mainly on the mesh 
size, has been greatly reduced. FEMLAB algorithms enable a rapid calculation of the oxygen 
ion diffusion spread in hemispherical samples for instance. In figure 16, the 2-hour 3D 
diffusion into a LSC hemispherical sample has been calculated using experimental oxygen ion 
diffusion [6] and surface exchange [7] into LSC at 1273K injected in the FEMLAB finite 
element algorithm.  FEMLAB calculates the diffusion concentration on the different mesh 
points at various time intervals. A video monitoring of the diffusion process can then be 
created. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: FEMLAB finite-element diffusion profile into an hemi-spherical ceramic sample of radius 1mm 
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The high-concentrations are shown in red, while the low concentrations are in blue. The 3-D 
diffusion equiconcentration surface could be deduced from this representation: they are hemi-
spherical. A diffusion profile along the radius would give all the information required. Values 
of the normalised concentration on the red line, which is drawn in the middle of the hemi-
spherical sample perpendicular to the bottom surface, provide the diffusion profile 
experimentally observed by depth profiling. These values have been saved in a Matlab format 
to check the computing of the exact solution calculated under the Matlab environment.  The 
finite element 2-hour and 1-hour diffusion profiles in LSC match perfectly to the analytical 
solutions, as plotted in figure 17. These results were published in early 2005 [111].  
Figure 17: Diffusion profiles at 1000ºC for LSC using data from De Souza [17-18]. 
Solid lines:  finite element simulation using FEMLAB, symbols: exact solutions using Matlab algorithm. 
 
However, the actual matlab algorithm of the exact solution and the FEMLAB simulation do 
not allow the matching of experimental data from the SIMS measurement. Indeed, FEMLAB 
does not provide any interface in which experimental data could be fitted to a diffusion 
simulation, nor does it allow an automated transfer of its simulation diffusion profile to 
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Matlab. Further developments under the Matlab environment were therefore needed in order 
to increase the convergence speed of the analytical resolution algorithm. 
 
4.2 Rapid and convergent Solution 
 
The main issue concerning the convergence speed lay in the actual search for the β-roots of 
the diffusion sub-equation. Matlab function fzeros provided an accurate, but slow, search of 
all β-roots. An optimisation technique has been implemented to circumvent this problem: the 
evaluation of these β-roots was changed to a fixed point iteration-based method (Newton 
iterative process), which has been used to evaluate the diffusion solution in a sheet plane 
[112]. At this stage, it is useful to remember that the cotangent function can be expanded in a 
series [113]: 
2 2
1
1 2 1 cot( x)=
x i
x
x i
π
π π
∞
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+
−∑        (Eq.31) 
First a coarse evaluation of the roots value βn,0
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 is obtained by approximating the series 
expansion by its first term. The addition of the term (n-1).π to the argument of the cotangent 
enables the solving of all the roots. This leads to a cubic equation, equation 32, which can be 
written in the following canonised form: 
    (Eq.32) 
 
3 2 0x ex dx f+ + + =        (Eq.33) 
Equation 33 can be simplified by the well known technique for solving a cubic equation [114] 
by transforming it to the following equation  
3 3 2x Qx R+ =         (Eq.34) 
 
Whereby, Q and R are the two following combinations of the polynomial terms of Eq.34.     
23d-e Q=
9          (Eq.35) 
39ed-27f-2e R=
54         (Eq.36) 
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The value βn,0 
3 2 3 23 3
n,0 3
e R Q R R Q Rβ  = ℜ − + + + + − + 
 
is approximated by the real part of the real solution of equation 32.  
    (Eq.37) 
The first value is then inserted in the iterative process described below, and less than ten 
iterations are necessary to evaluate any roots βn
 
 to high precision for L>1. This condition is 
thought to be valid for the diffusion of oxygen ions in oxides. 
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2 2
L n
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β π
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− −= + − + −     (Eq.38) 
The notation cot-1
  
 is for the inverse function of cotangent.  
The following algorithm has been coded under Matlab and provides an alternative to the 
semi-infinite diffusion fitting in spherical or semi-spherical samples. These results have been 
published in the Proceedings of the 7th
 
 European SOFC Conference [83].      
In order to improve the accuracy of our diffusion measurement, a statistical approach has been 
used to get the error range on both diffusion and surface exchange coefficients. Also the near 
surface effect has been analysed, however no modelling algorithm has been developed to fit 
this effect. 
  
4.3 Experimental Uncertainties and diffusion parameter errors 
 
Few authors have tackled the experimental error of SIMS measurements. A statistical error 
has been assigned to the SIMS measurement and the relative experimental errors have been 
then calculated for the normalised isotope exchange. As no quantitative values of both oxygen 
isotope concentration can be extracted from SIMS measurements, the isotope oxygen fraction 
C* is calculated and its relative error ∆C* can be extrapolated from the counting rate (C18O for 
instance) and the statistical errors (∆18O for instance) of each isotope. The 18O and 16
N
O 
counting rates at each sputter are eventually determined by a Secondary Ion Mass 
Spectrometer (SIMS). When N elements are counted by the mass spectrometer, the statistical 
error associated to this measurement is .  
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If C16O and C18O are the counting rates for each oxygen isotope, the isotopic fraction of 
oxygen 18
)( 1618
18*
OO
O
CC
C
C
+
=
O can be formulated as below 
      (Eq.39) 
If the statistical errors (∆C18O
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.
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 for instance) of each isotope are estimated, the relative error 
∆C* of the isotope oxygen fraction can be extrapolated: 
 (Eq.40) 
Equation 40 is modified to   
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As the statistical errors are small compared to their associated counting rates, the following 
Taylor’s series (Eq.41) is used to approximate the polynomial ratio when x <<1.  
x
x
−≈
+
1
1
1
        (Eq.42) 
The relative error of the isotopic fraction is found by taking the absolute values of the right 
term of the equality.   
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This relative error can be calculated for each isotopic fraction measured via SIMS: i.e., the 
oxygen isotopic fraction in the exchanged samples, the background and the oxygen gas 
isotopic fractions, which are then referred to ∆C*, ∆Cb* and ∆Cg
 
* respectively.  
The normalised isotopic fraction N* to solve the diffusion equations in the spherical medium 
is then evaluated from the three previous oxygen isotopic ratio. The relative uncertainty ∆N* 
of the normalised isotopic fraction is measured to be the following:   
                                                                                                          Chapter 4 – Data Analysis 
61 
**
**
**
**
** .
bg
bg
b
b
CC
CC
CC
CC
NN
−
∆−∆
−
−
∆−∆
=∆    (Eq.44) 
By this way, the relative error can be extrapolated for each measured data of the diffusion 
profiles.  
 
As soon as the diffusion profile has been measured, calculated by the previously described 
rapid algorithm and weighted with the statistical errors, the oxygen ion diffusion and surface 
exchange coefficients are fitted by a non linear least square fit algorithm to the experimental 
profile. The same procedure is used to fit the coupled diffusion parameters to the diffusion 
profile, named “plus”, whose data points are the addition of the experimental oxygen isotopic 
ratio value and its associated relative error, and to the diffusion profile, named “minus”, 
whose data are the experimental oxygen isotopic ratio value minus its associated relative 
error. The coupled diffusion parameters of the two last fitting are named Dplus and kplus; and 
Dminus and kminus respectively.  The fitting procedure has been realised to the diffusion profile 
of oxygen ions in LSM at 1000oC and 5mbar. The red fit associated with the diffusion profile 
“plus”, the yellow with the diffusion profile “minus”, and the green with the experimental 
diffusion profile are shown in figure 18. The width of the diffusion curve reflects the 
experimental uncertainties for each data point. 
 
Figure 18: Fittings to diffusion profile of oxygen ion in La0.8Sr0.2MnO3 at 1000oC and 5mbar 
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Recently Dhallu [115] extrapolated a method to validate the diffusion measurement from the 
dependence of the surface oxygen isotopic concentration ratio on only one parameter h, 
D
tDkh .*= , which is a combination of the coupled diffusion parameters and where t is the 
annealing time. In figure 19 the variation of the surface isotopic concentration ratio with the 
parameter h is shown. 
 
For h higher than 4, the surface concentration is only increasing slightly with h, which means 
that any small error on the surface concentration will have a huge impact on h, i.e, on the 
coupled diffusion parameters D and k. To reduce the isotope measurement error, the 
annealing time has to be chosen to get h lower than 4. Two parameters hplus and hminus are 
calculated from the values of Dplus and kplus, and those of Dminus and kminus respectively. They 
are the values of the parameter h for the fitted profile of data points +/- the uncertainties.  The 
experimental value of h is displayed in figure 19 as long as the values hplus and hminus for the 
annealing of LSM at 1000ºC and 5 mbar. The error range is sensibly limited.  
 
Figure 19: Surface isotopic concentration ratio variation with the diffusion parameter h related to the 
diffusion in La0.8Sr0.2MnO3 at 1000o
 
C and 5mbar 
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From the lowest value hplus, a surface exchange coefficient value k1 and a diffusion 
coefficient value D1 can be extrapolated backwards from the experimental value D and k 
respectively. From the highest value hminus, a surface exchange coefficient value k2 and a 
diffusion coefficient value D2 can also be extrapolated backwards from the experimental 
value D and k respectively. If the measurement is well designed, Dplus and kplus are expected 
to be higher than D1 and k1 while Dminus and kminus are expected to be lower than D2 and k2
 
. 
This means that the limited artefact in the data analysis is the experimental error. If this is not 
the case, the numerical calculation of the coupled diffusion parameters propagates higher 
uncertainty than the experimentation does. 
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Chapter 5 The La0.8Sr0.2Mn1-xCoxO3+δ
 
 series 
As discussed in the experimental techniques chapter, LSMC samples were produced from the two 
perovskite parent powders. First, mostly LSC and LSM libraries were produced to check the 
production properties (samples shape, size and density). Five full LSMC pseudo-binary libraries 
were produced. These initial sets are libraries of forty samples. As it will be explained later, the 
production process had to be changed: further samples were still produced automatically, but the 
full LSMC binary set was divided into eleven plastic containers, i.e., one for each composition. 
The number of samples in each container depended on the LUSI synthesis programme and/or the 
quantity of ink available at the synthesis stage. The libraries and sample sets references refers to 
Appendix A: LUSI Libraries and Sample Sets. 
 
5.1 Production properties 
 
5.1.1 Combinatorial Libraries  
The initial concept behind the FOXD project was to synthesise cathode materials directly onto a 
known electrolyte substrate (Alumina, YSZ, or potentially CGO). Adhesion of LSCM was tested 
on alumina, YSZ and LSC coated alumina and the results indicated that the LSCM library system 
adhered to none of these substrates. Indeed on each library, most of the dots fell off during the 
sintering or transportation stage, unlike barium/calcium/strontium titanium perovskite/alumina 
libraries, in which most samples were adherent. This resulted from a poor interface between the 
electrolyte and the tested cathode materials. Efforts have been made to improve the interface 
stability, by modifying the nature of, or incrementing the amount of dispersants or thixotropic 
agents, or by roughening the substrate surface before dot-dropping but without positive results. 
Temperature effects have been investigated and two valuable observations have been made: after 
sintering at high temperature (1350-1400oC), the alumina substrate of LSC libraries blued around 
and under the perovskite ceramic dot positions; cobalt-rich LSMC compositions adhered more 
easily to the substrate at low temperature (1200oC), while manganese-rich LSMC composition 
adhered at higher temperature (1300-1400oC). The former effect provides a visible argument that 
samples and substrate were interacting during the sintering phase, although this interaction was 
not strong enough to create bonds between the alumina and the perovskite phases. Even if the 
                                                                              Chapter 5 – The La0.8Sr0.2Mn1-xCoxO3+δ series 
65 
latter effect corroborates the post sintering observations of conventional LSM or LSC cathode/ 
YSZ or alumina electrolyte system, no systematic examination of the sintering conditions could 
have been carried out due to the poor interface between the substrate and the combinatorial dots. 
This implies that an automatic production of the complete LSMC library would be difficult at one 
particular temperature, and therefore a study of a large compositional range via such 
combinatorial methods would not be feasible.  
 
These observations led to the following alternative: painting the support with a platinum-based 
ink before printing the LSMC samples. This last action caused one large restriction: no 
electrochemical or conductivity measurement could be achieved. Indeed, these measurements 
would have been either in the best case scenario sensibly biased by the platinum ink, or only the 
result of this middle layer. However no restriction was implemented on the isotope oxygen 
exchange technique. Either Pt coated or unfired Pt paint alumina substrate library provided no 
positive results on the adherence to the support. 
 
The systematic synthesis on the LUSI work station has still been undertaken and LSMC samples 
were still ink-dropped, let dry and sintered on alumina substrate. However, samples from each 
composition were then collected and kept in a plastic container.   
 
5.1.2 Dimensional properties 
One platinum paint substrate LSC library was used to characterise the dot dimensional properties. 
SEM imaging was carried out on the manually-produced LSC array, figure 20. The experimental 
dots radius is 1.57 mm, which is a little bit smaller than the one used for the simulation (2mm). 
Depending on the composition, the dots radius varies between 500 µm and 1.8 mm. This library 
was sent to Ceres Power Ltd, where a 4-dots cross section was realised by cutting, with a 
diamond saw, the alumina plate close to the dots. The dots and substrate were then mounted in 
organic resins. The resin block was polished down to the middle of the dots, as shown in figure 
21. 
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Figure 20: SEM imaging of manually produced LSC dot 
 
 
 
 
 
 
 
 
Figure 21: LSC Cross section preparation 
 
Imaging of the LSC dots cross-section revealed that the dot bulk was damaged by a macro crack, 
as observed in figure 22. The alumina plate is on the left; the LSC ceramic dot is imaged in grey 
and is located in the middle of the picture. Between substrate and the dots, a white fine layer of 
platinum coating can be observed. An EDS analysis was obtained in the two red regions of the 
carbon-coated LSC cross section: region 1, in the middle of the bulk and region 2, along the 
macro crack. On figure 22, a large number of pores and grain boundaries in the bulk ceramic are 
observed. From the SEM image, LSC grain size varies from 10 to 30 nm. The pore distribution is 
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limited to close porosity and the four dots show high density (>90%), as shown in the figure 
below. Scanning Acoustic Microscopy has been carried out to evaluate the percentage of close 
porosity in the dots and an averaged grain size of 15 nm has been assumed for the calculation.    
 
Figure 22: SEM imaging of LSC dot cross section 
 
The porosity of traditional LSC pellets has been measured via Archimedes measurement and 
acoustic wave velocities in these LSC pellets have been measured.  The wave velocities are 
shown in table 3 and have been fitted with the appropriate model to determine the Young’s 
modulus of LSC. Once a useful range of velocities in pellets of known density has been 
measured, and a calibration plot of velocity as a function of density has been drawn, it is possible 
to then measure the velocity in the dot samples, and therefore estimate the dot density.  
 
One hypothesis to validate our approach is that both production techniques would produce similar 
materials, i.e., the produced samples exhibit the same mesoscopic properties (similar grain sizes 
and similar 3D porosity architecture). The grain and pore size had been checked by SEM imaging 
and were fairly similar, however, no accurate method would provide a comparison between the 
porosity, tortuosity or distribution in a traditional pellet and in a combinatorial dot. As high 
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pressure stages have been used during the pellet production, the porosity distribution in a pellet 
should be different from the one in a dried unpressed dot. Nevertheless, as a first assumption the 
porosity, tortuosity and distribution have been assumed to be similar.  
 
 Velocity 
(m.s-1
LSC Pellet 98% 
) 
5599 
LSC Pellet 95% 5286 
LSC Pellet 91% 4736 
Table 3: Acoustic wave velocities variation with solid density in LSC conventional pellets 
 
On a forty sample library, only two dots exhibited a significantly large flat top surface, which is 
required by the SAM theory to analyse accurately the time of flight difference between the top 
and the bottom parallel surfaces. The measured wave velocities are summarised in table 4. From 
the mechanical data used to evaluate LSC Young’s modulus, the combinatorial dots would 
exhibit less than 40% solid density. These measurements are unfortunately not in agreement with 
reality as the dots exhibited a dense solid structure. These discrepancies could be due to the 
forced assumptions used in the model, either the porosity distribution or the parallel surfaces. The 
second one is very unlikely to be correct. No porosity evaluation has been achieved on the 
combinatorial dots, and subsequentially the SIMS depth profiles were restricted to the minimum 
to prevent any short-circuit gaseous diffusion path.       
 
 Velocity 
(m.s-1
LSC Dot 5-1 
) 
3078 
LSC Dot 7-1 2242 
Table 4: Acoustic wave velocities variation with solid density in LSC combinatorial dots 
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5.2 Experimental Characterisation  
 
5.2.1 Composition Characterisation 
The EDS analysis was carried out on the LSC dot cross section to perform a quantitative analysis 
of the composition of a combinatorial LSC dot. EDS spectra were measured from the bulk, along 
the grain boundaries and on the pore edges in the region R1. An analysis along the macro crack, 
region R2, was also carried out for comparison as shown in figure 24. The high presence of 
carbon, which was not expected, is not due to the few nm-thick carbon coating. Indeed, another 
EDS analysis realised on a gold-coated cross section shows the same level of carbon 
concentration. The high presence does not reflect the surface contamination due to the 
carbonation of strontium A-site. This could be explained by the residual resin on the bulk surface 
or in the pores of the dots. The composition of each perovskite element has been re-normalised, 
in the absence of carbon, at different positions and have been summarised in table 5.  
 
Spectrum 
 
Sr/A-site Co/Asite 
Bulk 1 
 
0.22 +/- 0.02 0.92 +/- 0.08 
Bulk 2 
 
0.23 +/- 0.03 0.92 +/- 0.09 
Bulk 3 
 
0.23 +/- 0.02 0.90 +/- 0.10 
Pore  
 
0.26 +/- 0.02 0.92 +/- 0.08 
Grain Boundary 1 
 
0.23 +/- 0.02 0.89 +/- 0.08 
Grain Boundary 2 
 
0.24 +/- 0.02 0.91 +/- 0.10 
Grain Boundary 3 
 
0.21 +/- 0.03 0.92 +/- 0.09 
Macro-crack 
 
0.12 +/- 0.02 0.96 +/- 0.09 
Table 5: Strontium-to-A-site and Cobalt to A-site element ratios on the LSC cross-section 
 
 
The measured strontium/lanthanum ratio in the bulk and along the grain boundaries is in good 
agreement with the perovskite composition. A systematic depletion of strontium is observed 
along the macro-crack, located in the middle of the dots perpendicular to the substrate surface. 
Cobalt-to-A-site ratio is found to be around 0.9, which is close to the expected value of 1. A 10% 
error range is not unusual when evaluating a ratio between two elements of different weights. The 
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calculated EDS oxygen-to-A-site ratio is two to three times higher than the expected perovskite 
stoichiometry. Two main reasons could explain such discrepancies: on one hand the organic resin 
contains oxygen, and on the other hand the lighter the chemical element, the lower the sensitivity 
related to its EDS peaks. Therefore, EDS can not bring any reliable information on the oxygen 
stoichiometry or content of the perovskite ceramic.    
 
 
For each composition, two dots of the pseudo-binary LSMC set#2 were analysed by EDS. They 
were mounted on a conductive adhesive polymer support. A quick analysis was carried out on 
each dot: a systematic EDS spectrum was carried out on each dot. The compositional content was 
averaged over the two dots and the same conclusions as the EDS analysis on the LSC cross 
section came up: the measured strontium-to-A-site ratio was constant around 0.2 over the 
complete binary system, while the cobalt-to-A-site ratio was varying from 0 to 1 with an average 
+/- 0.07 error range on each composition. The EDS technique proved to be not sufficiently 
accurate on high-throughput compositional analysis test to identify precisely any sample 
composition.  
 
An ICP-MS analysis has been carried out on Set#2 and Set#3 of LSMC powders after completing 
conventional X-ray diffraction. ICP-MS is sufficiently sensitive to allow accurate measurement 
of the LSMC series compositions and confirms that the LUSI work station was able to produce in 
a systematic manner the intended compositions, as shown in figure 23. The ICP-MS error ranges 
are so small as to be not visible in figure 23.  There is no significant contamination of other metal 
or rare-earth elements, a few ppms or less than the instrument threshold limit. And so no 
aluminium contamination was noted, which corroborates that there was no strong interaction 
between the dots and the alumina substrate.  
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Figure 23: ICP-MS composition analysis of lanthanum and cobalt content in the composition range of 
La0.8Sr0.2Mn1-xCoxO3+δ binary system for two sets sintered for 1 hour at 1200oC and 1250 o
 
C 
 
5.2.2 Phase Characterisation 
 
5.2.2.1 Conventional X-ray Diffraction (XRD) 
XRD has been carried out on both sets #2&3; only conventional XRD patterns from set #3 are 
shown in Figure 24. The peak around 2θ=73º for LSMC 8264 is the result of random electrical 
noise during the measurement. Both sets of patterns show that only a perovskite phase has been 
formed for each composition. Both sets displayed a similar feature: most of the samples are 
single phase perovskite as clear sharp peaks were observed especially at the doubling peaks 
2θ=32º and 2θ=33º, however for compositions LSMC 8246, LSMC 8255, LSMC 8264 these 
peaks were broadened suggesting that although only a perovskite phase was observed, these 
samples might be a mixture of perovskite phases of different compositions. For the purpose of the 
analysis, all samples were considered single phase perovskite. A general shift of all peaks from 
low to high angle is observed when doping the B-sites of LSM with cobalt, but without changing 
the hexagonal crystal structure [91], indicating that there is a shrinkage of the lattice due to the 
addition of cobalt on the B site.  
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Figure 24: XRD patterns of the full series of LSMC set #3, sintered at 1250ºC for 1 hour 
 
Figure 25 highlights the shift of the first peak P1, approximately 2θ=32º, which is indexed to the 
plane (1,1,0), and of the second peak P2 at approximately 2θ=47º, which is indexed to the plane 
(0,0,6). It can be observed that initially the doping of the cobalt on the B-site causes a gradual and 
linear shift of both peaks P1 and P2 until the cobalt content ratio reaches the value of 0.7. After 
this point the further addition of cobalt on the B site has no more effect, and the peak positions 
remain approximately constant. 
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Figure 25: Peaks P1&P2 
 
shift with cobalt content in B-sites. For each composition two data points have been 
extracted from XRD patterns from sets #2&3. 
From the XRD patterns, a hexagonal structure was deduced [91] and lattice parameters were 
calculated using the freeware UNITCELL [92]. Two lattice parameters a and c, coupled with the 
cell volume were then extracted for each composition. The lattice parameters for each of the 
compositions have been calculated and plotted in figure 26 and the change in unit cell volume are 
shown in figure 27. Both figures again highlight the s-shape dependency of these parameters on 
the Co doping. Interestingly, three distinct regions can be identified: the first region from 0 to 
20% cobalt-substituted LSM, a second region with a sharp linear change in the middle 
compositional range of LSMC system (from 20% to 70% cobalt substitution) and a third region 
with a different gradient from 70% cobalt-doped LSMC to LSC. The cell volume varies 
accordingly due to the lattice parameter a (cell volume = 0.751/2 x a2 x c). These changes in cell 
volume are to be expected as a first approximation as we replace the Mn3+ (ionic radius 0.645Å) 
with the slightly smaller Co3+ (ionic radius 0.61Å). However this work exhibits discrepancies 
with the linear extrapolation of the LSMC pseudo-cubic and cell volume observed by Ivers-Tiffee 
[116]. Her work was carried out on only 4 members of the LSMC series, whereas these more 
detailed measurements don’t exhibit a linear variation.    
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Figure 26: Variation of Lattice parameters with cobalt doping in LSMC series. For each composition two data 
points have been extracted from XRD patterns of sets #2&3 
 
 
 
Figure 27: Variation of cell volume with cobalt doping in LSMC series. For each composition two data points 
have been extracted from XRD patterns of sets #2&3 
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5.2.2.2 Automated rapid multi-sampling µ-XRD 
One dot of Set #3 and Set #4 have been used to test the performances of the optimised µ-XRD 
equipment with the monocapillary. Only µ-XRD patterns from set #3 are shown in Figure 28.  On 
all samples the two higher peaks around 2θ=32º are observed although as a single broadened 
peak. µ-XRD pattern of LSMC 8219 shows no other peak, whereas for other compositions other 
hexagonal perovskite peaks are observed, although not systematically. On LSMC 8237 a peak at 
2θ=30º has been identified as the highest peak of the alumina pattern. For this composition it is 
very likely that the beam reflected of the alumina support plate.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 28: µ-XRD patterns of LSMC dots from set #3 
 
The time taken for the conventional XRD scans was approximately 1 hour each, whereas the 
complete µ-XRD analyses were taken in approximately 30 minutes. By comparing the two XRD 
patterns from figures 24 & 28, it can be seen that not all of the perovskite peaks have been 
observed in the µ-XRD scans, but shifts in the peak positions due to increasing Co content can 
still be resolved. The loss of information on the µ-XRD scans may be due to the smaller beam 
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size only giving reflections from particular grain orientations or a large loss of the transmitted X-
Ray beam from the dot surface to the µ-XRD detector. 
 
An enlarged section around the first peak P1 displays the µ-XRD patterns of the two sets #3 & #4 
in blue and green and the conventional XRD pattern of set #3 in figure 29. The compositional 
shift due to changing composition can be seen, however, the poor resolution on the µ-XRD does 
not reveal the two peaks around 33º or their accurate positions, therefore the data is not good 
enough to extract compositional information. The use of a smallest monocapillary plot area 
(<1µm2) might be relevant for this kind of samples as for instance a 10 nm2
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 monocapillary which 
can be found on a Philips X’celerator at the Natural History Museum. A good systematic 
localisation of discrete samples is needed to avoid contamination of the µ-XRD pattern from the 
support (alumina or other phases).   
 
Figure 29: Comparison between the µ-XRD and the powder XRD on the LSMC binary system 
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5.2.2.3 Raman Spectroscopy 
The doped manganites have been studied using Raman scattering and tend to crystallise in either 
an orthorhombic or a rhombohedral structure.  In general of the 20 Γ - point phonon modes 
associated with crystallisation in the rhombohedral structure, five are Raman active and of the 60 
phonon modes in the orthorhombic structure twenty four are Raman allowed [117]. Nevertheless 
in most cases there are three bands of modes observed in doped manganites in the paramagnetic 
phase – a relatively sharp low wavenumber mode (between 190 -245cm-1), which has not been 
observed in our study, and two broad bands centered around the 500–550 cm-1 and 600–650 cm-1. 
The broad bands have been interpreted previously as due to Jahn Teller (JT) -like bands, due to 
distortions of the oxygen sublattice [118] and the intensity of these features has been observed to 
be related to substitution on the La and Mn sites [119]. In the latter work La1-ySryMn1-xMxO3 
compounds were explored, where the hole density was held constant at 32% by adjusting the Sr 
content as different M atoms (Cr, Co, Cu, Zn, Sc or Ga) were substituted. Co substitution was not 
found to induce the JT like bands because Co and Mn  have similar ionic radii and drastic oxygen 
disorder was not created, particularly as the Mn3+ -Mn4+ ratio was being held constant  (Mn4+ is 
significantly smaller than Mn3+
 
). 
In this present study the substitution that was explored was for M=Co only and the Sr content 
was kept fixed at y=0.2, while the hole concentration was not held constant as x was increased. 
Consequently depending on the valence state of the substituted Co (possibly Co2+ or Co3+) the 
Mn3+- Mn4+ 
 
ratio may very well also change during substitution. Figure 30 shows that in the x = 0 
compound the Raman spectrum is dominated by the broad JT-like modes. At y=0.2 we are closer 
to the paramagnetic insulating state and the system is more likely to show strong local JT 
distortions. 
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Figure 30: Raman spectra with 514nm laser at 300K for two compositions with x = 0 and x = 0.5. 
 
Interestingly, as a function of Co concentration, the ratio of these two broad Raman bands vary as 
can also be seen on figure 30, illustrated by the x = 0.5 compound. Clearly in the case where the 
oxygen stoichiometry, the Mn3+- Mn4+ 
 
ratio, and the local strain due to the Co substitution are all 
changing, extracting direct correlation between the behaviour of these two bands and the 
substitution is unlikely. It has previously been shown that at least one of these bands shift 
position with oxygen partial pressure [120].  
Figure 31 shows that particularly the 650cm-1 mode shifts systematically with Co substitution. 
The scatter in the 550cm-1
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 peak is more significant, but both peaks shift to lower energy at low 
Co substitution suggesting a softening of these modes. 
 
 
Figure 31: Peak shifts with Co content for the two bread JT-like peaks. 
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Figure 32 also shows the ratio of the peak intensities can be correlated with Co substitution. 
Again there appears to be a systematic change in the ratio of the areas suggesting that the 
samples, as made, have reproducible structural changes as a function of Co concentration. The x 
= 0.7 composition seems anomalous but the strongest change in the peak ratio again occurs at 
low Co substitution. 
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Figure 32: Variation of the ratio of the intensity (I) of the 550cm-1 to the 650cm-1
 
 peak calculated from the 
integrated area under the peak with the cobalt content. 
 
5.2.3 Oxygen Content Variation with Temperature 
 
5.2.3.1 Differential Thermogravimetric Analysis 
The oxygen stoichiometry of the samples was also estimated via Differential Thermogravimetric 
Analysis. In order to evaluate the nonstoichiometry of the dots, it was assumed that every dot 
synthesised by the LUSI robot initially had an oxygen stoichiometry of ≈ 3. Figure 33 shows the 
variation in oxygen content displayed as non-stoichiometry with cobalt content in the LSMC 
series. As the associated error for each TGA measurement is ∆δ= +/- 0.01, the two localised 
decreases of oxygen content for LSMC 8282 and LSMC 8264 are very unlikely to be significant. 
It can be deduced that the oxygen non-stoichiometry slowly decreases from a δ value of 0, for the 
plateau LSM to LSMC 8264 (40% Co substituted) to a final value of approximately δ= -0.13 for 
LSC. This shows a better mobility of oxygen in the lattice and with the gas interface in LSC 
compared to LSM.   
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Figure 33: Variation of oxygen non-stoichiometry with cobalt content in LSMC 
 
 
5.2.3.2 Thermal Imaging 
For this survey, one dot of each LSMC composition from set #4 has been mounted with platinum 
paint on an alumina plate and the full library was then heated steadily from room temperature to 
800°C and continuously monitored by the thermal camera. Some of these data are shown in 
Figure 36. The sample temperature is imaged while a LSMC library is heated. This was a trial 
technique for the thermal imaging on oxygen ion conducting perovskites and the slight offset 
between the curves for the different samples had not been corrected and remained for all the 
measurements. The reason for this offset is the different emissivity of each composition, which 
has not been corrected for. At 310°C the warm-up curves display a kink, indicated by an arrow in 
Figure 34. This kink appears at exactly the same radiance level for each sample, but at different 
times or furnace temperatures. In a normal measurement the kink is associated with the heat 
created by the desorption of a studied chemical element. If the kink happened at different 
temperatures, another measurement would have been performed on the samples to assess more 
accurately the difference in energy (heat) among the different elements of the LSMC series. As 
the kink appears at exactly the same radiance level for each sample, it must therefore be 
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concluded that this is a measurement artefact, most likely due to the camera calibration function. 
Indeed the time difference between the observations of the kink for each sample reflects the 
temperature distribution on the library plate and in the tube only. As LSC exhibits an oxygen 
desorption heat twice as much as LSM, a variation in kink slope was expected. A graph of the 
raw analog-digital converter signal versus time (not shown) displays smooth curves in this range. 
No other anomalies can be found in this measurement and no further measurement was 
performed on these libraries. The heat created by the surface oxygen desorption is too small to be 
detected before being dissipated into the base plate. The use of larger samples would improve the 
sensitivity of this technique. 
 
 
 
Figure 34: Heating of LSMC samples in a combinatorial experiment, monitored by the infrared camera.  
 
5.2.3.3 Catalysis Rig Experiment 
For this survey, LSMC powders have been produced from oxide and carbonate parent inks. To 
corroborate the observed trends the full catalysis experiment has been repeated on the two 
extreme compositions (LSC and LSM) taken from set #2. For all samples, except LSMC 8282, 
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13-14mg powders were available. Sample LSMC 8228 has not been taken into account when 
dealing with trends as the statistical error for this composition was significantly higher than those 
for the other member of the LSMC series.  
The main observation is that no oxygen evolution has been observed during the TPD stage, 
although previous measurement on LaCoO3 suggested otherwise [121]. Oxygen desorption has 
been observed in air (DTA) or reduced environment (TPR). The first cycle showed water and/or 
carbon dioxide traces which were present at the surface of LSMC samples from the 
La0.8Sr0.2Co1-y-zMnyFezO3+δ
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 series. Figure 35 shows the TPR profile on LSMC 8255 over ten 
full cycle runs.  
 
Figure 35: TPR profile oxygen α-peaks and β-peak in LSMC 8255 (set 193) 
 
After two cycles, the TPR profile from the “perovskite” materials reached a stable format: surface 
oxygen is first desorbed at low temperature, in this instance 340oC and 380-410oC, and bulk 
oxygen is totally desorbed at higher temperature (600 oC). The first process is labelled α-peak, 
while the second is labelled β-peak. α-peak could be a single process or be divided into two 
single processes. A four catalysis cycle has been carried out on the complete LSMC series and 
the peak temperature positions have been summarised in figure 36. This trend has been checked 
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with combinatorial LSM and LSC samples from set #2. They are represented by a triangle in 
figure 36.   
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Figure 36: TPR oxygen α-peaks and β-peak over the LSMC series set 178-243 
 
Royer [122] suggested that one alpha peak was due to the Mn-O bond while the second one was 
due to the Co-O bond. This explanation might be verified, if sample LSMC 8237 is dismissed 
from the trend. Lower temperature activations for surface and bulk oxygen desorption are 
observed in cobalt rich perovskite than in manganese rich perovskite. The large difference 
between the β-peaks position can not be explained precisely for LSM synthesised from 
perovskite or oxide parent inks. After the catalysis experiment, X-Ray Diffraction analysis has 
been carried out on the LSMC powders. Due to the small amount of powders –less than one 
microgram, no reliable XRD patterns have been precisely obtained. The signal-to-noise ratio was 
too small to identify precisely the phase(s) of the reduced powders. However, some perovskite 
peaks have disappeared, while oxide peaks seem to be observed, therefore part of the sample 
powders have been reduced to a mix of different oxide phases. The results can not then be 
labelled to a perovskite phase.  In both TPR and DTA, oxygen desorption is more activated in 
cobalt rich perovskites.     
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5.2.4 Oxygen Ion diffusivity  
As it has been explained in the experimental chapter, short-circuit gas porous diffusion might 
occur in a sample, which exhibits less than 95% of its theoretical density.  Due to the unknown 
density of combinatorial samples isotope exchange times have been shortened to allow only a 
diffusion into a couple of micrometers from the dot surface. This procedure has been undertaken 
in all the samples presented in this report. During the FOXD project, isotope exchanges and 
SIMS measurements have been co-jointly carried out with Dr. Sarah Fearn. 
 
5.2.4.1 La0.8Sr0.2MnO
The LSM dot microstructure is dependent upon the sintering temperature: a LSM dot sintered at 
1200
3+δ 
oC displays smaller grains and a denser structure than one sintered at 1300o
 
C, as shown in 
respectively figure 37 (a) & (b). On figure 37(a), in addition to the liquid phase and the large 
holes, SIMS investigation proved a surface aluminium contamination. On figure 37(b) the liquid 
phase is less pronounced while surface holes are smaller and constrained in a smaller grain 
matrix. A few isotope exchanges have been undertaken on LSM dots: temperature and pressure 
effects have been studied. A summary of the first experimental isotope exchange characteristics 
are summarised in table 6 below.  
         (a)           (b) 
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Figure 37: FIB electron image (a) of a LSM dot sintered at 1300o
and SEM image (b) of a LSM dot sintered at 1200
C  
o
 
C 
 
Dot Pre-anneal/exchange 
temperature / °C 
Pre-anneal pressure 
/ ρO16
Isotope exchange 
pressure / ρO mbar 18 
Exchange 
Time / mins mbar 
 
LSM 
1000 10 10 20 
1000 5 5 35 
1000 1 1 - 
700 200 200  
Table 6 : isotope exchange conditions on LSM samples at normal and low partial pressure  
 
After the exchange experiments the dots were then analysed using the FIB-SIMS instrument. As 
well as imaging the dots, SIMS depth profiles of the 18O diffusion profiles were measured. For 
the SIMS analyses the conditions used to obtain the 18O diffusion profiles are summarised in 
table 7 below. Two different sets of conditions were used for the depth profiling: a current 
density of ~5pAµm-2
 
 was used to obtain the full diffusion profile, and a much lower current 
density for profiling more closely the near surface of the ceramic dot.  
Current / pA Area / µm Count / mS 2 Comment 
10mbar at 1000o
C – 
C for 20 mins 
18  O LSM 
exchange 
 Nm/s 
130 5 × 5 1000 0.748 
46 5 × 5 1000 0.222 
5mbar at 1000o
C – 
C for 35 mins 
18 Nm/s O LSM exchange 
130 5 × 5 1000 0.654 
46 5 × 5 1000 0.166 
Table 7: Beam conditions used for SIMS depth profiling of the dots using a 30keV Ga+
The oxidation of the silicon sample in an 
 FIB.  
18O2 rich environment provided the normalised gas 
concentration of isotope labelled oxygen Cg = 0.129 while both anneal in normal air which is 
richer in 16O2 gas provided the normalised background concentration in the ceramic of isotope 
labelled oxygen. This has to be repeated for each experiment and for both the 20 min exchange at 
10mbar and 1000oC and the 35 min exchange at 5mbar and 1000oC the value found was the same 
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Cb = 0.003. This value is a little bit higher than the normal ambient concentration of 18O. Indeed 
Cb
 
 will depend on the industrial gas and varies with time. The measurement needs to be repeated 
for each set of experimental conditions.    
Shown below in figure 38 are the craters formed on the LSM dots annealed in a 10mbar oxygen 
environment after depth profiling. Figure 38 shows the electron image of the tilted crater on the 
dot surface. It can be clearly seen that the 5µm2 crater fits inside the LSM grain.  
 
Figure 38: SIMS crater on the 18
 
O exchanged LSM dot electron image at 30° tilt. 
Shown below in figure 39 is the related 18
 
O diffusion profile. The diffusion profile provided no 
sign of large porosity. Indeed the bottom surface of the crater is smooth in figure 38 and only a 
small cavity on this surface can be observed.   
In fact the only deviation from the ideal diffusion profile can be observed around 1700nm. The 
depth profile crater was in a single grain and this high 18
 
O hump must be the grain boundary of 
this grain. The variation at the surface concentration is quite high compared to the diffusion ideal 
profile, however, it does not bring significant statistical errors on the data fitting process for the 
evaluation of the diffusion coefficient.         
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Figure 39: 18O diffusion profile in LSM performed at 10mbar and 1000o
 
C 
Figure 40(a) shows a positive ion image of the craters formed on the LSM exchanged at 5mbar 
pO2. Figure 40(b) and (c) are electron images of the individual craters formed with a current 
density of 5pAum-2 and 1.8pAum-2 respectively. Again the craters fit easily into the LSM grains. 
In figure 40(a) two craters are shown. In figure 40(b) it can be seen that the crater base of the 
grain sputtered at the higher current density is much more even compared to the crater base of the 
grain sputtered at the lower current density, figure 40(c), but it is also much shallower. It is not 
thought that the roughening observed in figure 40(b) is solely due to beam induced roughening, 
but rather the beam profiling through underlying grains, and passing through grain boundaries. 
Evidence of this can be seen in the 18O diffusion profile for this crater in figure 41 where there 
are slight increases of 18O at certain points – around 550nm and 1300nm distance from the 
surface along the diffusion profile. This diffusion profile must be inside two grains and in the 
initial layers of a third one. The same surface diffusion pattern was observed. Neither the 
deviation in the diffusion profile at the dot surface nor those around the grain boundaries causes a 
significant statistical error on the data fitting process for the evaluation of the diffusion 
coefficient.            
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  (a)     (b)     (c) 
Figure 40: The SIMS craters on the 18O exchanged LSM dot at 1000C and 5mbar partial pressure (a) positive 
ion image of both craters and electron images of crater formed with (b) 5pAµm-2 and (c) 1.8pAµm-2
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Figure 41: 18O diffusion profile in LSM performed at 5mbar and 1000o
 
C  
 
The values of D* and k obtained from the fitting of oxygen ion diffusion profiles, as shown in 
figure 42 at the low partial pressure experiments, have been compared to values obtained by De 
Souza [6,7]. It can be seen that both trends for the oxygen ion diffusivity obtained from bulk 
materials and combinatorial dots are similar, with no pressure dependence.  
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Figure 42: D* (full circle) and k (open circle) values into LSM obtained at low partial pressures  
 
However, the surface exchange obtained from the combinatorial samples shows no significant 
pressure dependence. One reason for this may be the lack of data obtained in the near surface 
area of the exchanged ceramic dot, as shown in the first nanometers in figure 43. Figure 43 shows 
a typical 18O diffusion profile obtained from a small combinatorial sample confined to a single 
LSM grain to illustrate the near surface problem. As the inset shows, the least squares fit to the 
profile is good for the diffusion in the bulk of the material, however, at the very near surface in 
the first 10-20nm there is strong deviation from the fitted behaviour. It can be seen that the 
measured surface value is also very high, despite ensuring that the ion exchange anneal was 
performed under conditions to give a surface value within the working range. A further problem 
with these analyses lies in the artefacts associated with the sputtering ion beam. In this case the 
sputter equilibrium equivalent layer of the 69Ga+ beam is approximately 16.4nm [123]. This 
means that within the top 20nm the oxygen diffusion profile will be heavily affected by the 
sputtering equilibrium effects masking the ‘true’ oxygen profile in this region. Analysis of these 
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combinatorial dots is then quite difficult; therefore, no further development has been addressed 
on this issue – i.e., the fitting of near surface experimental profile. 
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Figure 43:  The 18O diffusion profile obtained from a grain of La0.8Sr0.2MnO3
 
. Inset highlights the modelled 
fit in the very top surface for determining the surface exchange coefficient, k  
When the repeatability of this isotope exchange technique on dots was carried out, four further 
measurements were added: LSM exchanged both at 1000oC and respectively at 2, 5, 10 and 200 
mbar pO2. The 18O diffusion profile into LSM series at 1000oC over the full pressure range have 
been summarised in figure 44. The family of curves does not display any kind of sequence due to 
increasing isotope exchange partial pressure. Besides the diffusion profiles for experimental 
partial pressure 1 and 2 mbar pO2 have a different shape than those at higher oxygen partial 
pressure. Only the diffusion profile for experimental partial pressure 10 mbar pO2 exhibits two 
grain boundary humps around 600nm and 900nm. After 900nm the diffusion profile is masked by 
the surface sputtering artefacts. The crater bottom surface has been roughened but it is not due to 
just the ion beam roughening. The diffusion fitting algorithm did not take into account the area 
further away than 900nm for this profile. Also the diffusion coefficient D* and surface exchange 
coefficient k, obtained from these profiles do not correlate well with those previously obtained in 
the first experimental analysis. From the fits of these profiles however, it is clear that 
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experimentally the diffusion occurred in a single grain or was not disrupted by grain 
boundaries/pores diffusion process. One possibility may be a temperature effect, with samples 
being placed in slightly different areas of the furnace leading to errors in the annealing 
temperature. However the differences here are not thought to be great enough to cause the 
variations observed in D* and k.  
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Figure 44: The 18
 
O diffusion profiles from LSM for exchanges carried out at 1, 2, 5 10 and 200mbar at 1000°C 
 
5.2.4.2 La0.8Sr0.2CoO
Table 8 shows the details for the ion exchange experiments carried out on the LSC dots. Prior to 
the exchange in the 
3-δ 
18O2 rich gas, the dot was also annealed in 16O2 at the same temperature and 
partial pressure as the following 18O2 exchange, to ensure that the sample is in chemical 
equilibrium. The time taken for this pre-anneal is typically ten times longer than the time taken 
for the subsequent 18O2 anneal. After the pre-anneal, nitrogen is flushed through, and then 18O2 
rich atmosphere is let in to the required pressure and the sample is again annealed in the 
atmosphere for a measured period of time. A second sample is also pre-annealed in the 16O2, and 
this sample is used to measure the background level of 18O2
 
. 
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LSC Gas Temperature / 
°C 
Pressure / atm Time / min. 
Pre-anneal O16 600 200 6000 
Ion Exchange O18 600 200 5 
Table 8: Isotope Exchange conditions into LSC dots at 600o
 
C  
Along with the SIMS depth profiling, the FIB instrument was also used to image the LSC dot 
exhanged at 600o
 
C and the walls of the SIMS crater formed during the depth profiling, as these 
provide useful cross-sections into the dot. The images are shown below in Figure 45. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
Figure 45: (a) an ion-image of the LSC dot before depth profiling (b) and electron image of the final SIMS 
crater showing the measurement of the crater. 
 
Figure 45(a) shows an ion image of the dot before SIMS depth profiling. The image shows that 
the density of the dot appears quite high and a good dot morphology has been formed. The final 
SIMS crater is shown in the electron image of Figure 45(b). The depth of the crater has been 
estimated by several measurements along one crater wall. The bottom of the SIMS crater also 
shows that during the sputter depth profiling, some beam induced roughening has occurred but 
this has not affected the resolution of the diffusion profile, and again highlights that the density of 
the dot is quite high.  
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To image more clearly the side walls of the crater they were ion beam polished at subsequently 
lower beam currents to remove beam induced damage. An ion and electron image of a polished 
side wall is shown in Figure 46(a) and (b) respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   (a)      (b) 
Figure 46: (a) ion image and (b) electron image of polished crater side wall 
 
From the ion image of figure 46(a), the pores in the sample are clearly revealed, and as 
previously mentioned, the density appears to be much higher than has been previously observed 
in the ink jet printed dots. In Figure 46(b) the electron image seems to be revealing areas of 
different phases indicated by the variation in contrast across the crater wall. However, even at 
low currents it is difficult to avoid amorphising the material, so it is impossible to obtain any 
microsctructural information which relies on ion channelling of un-damaged material. On the 
large screen of the FIB instrument, some regions did appear to reveal grains of the order of 
100nm, but on the smaller image of Figure 46(b) it is impossible to show. Perhaps by sintering 
the dots at higher temperatures larger grains will be formed that can be more easily imaged.  
 
After the exchange the samples were depth profiled using the FIB-SIMS instrument. The 
experimental conditions for the depth profiling are shown below in Table 9. Figure 47 shows the 
diffusion profile for the 18O2
 
 in the LSC dot. 
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Beam Current / pA Count Time / 
ms 
Scan size / 
µm 
Signals / -ve 
ions 
Ga+ 500 600 10 O16, O18, LaO
Table 9: FIB-SIMS conditions to depth profile LSC dot eschanged at 600
155 
o
 
C 
 
 
 
 
 
 
 
 
 
   
  
 
 
 
 
Figure 47: The O18
 
 diffusion profile in the LSC dot 
From figure 47 it can be seen that the penetration length of 18O2 is ~2 µm. The profile indicates 
that the LSC dot had a suitably high density for the isotopic exchange experiments. A more 
extended profile would indicate that the diffusion of the tracer was possibly being dominated by 
diffusion through pores. Also, if the density of the dot had been too low, preferential sputtering 
and coalescing of the pores would have resulted in extreme roughening and hence reduced the 
depth resolution of the profile. The diffusion profile has been fitted thanks to the Matlab fitting 
programme and the measured values have been compared to the values found by De Souza and 
Kilner [6,7]. The measured diffusion coefficient seems to be in good agreement with the trend 
found by the cited authors, and is shown in Figure 48. A second isotope exchange on LSC dots 
has been carried out at 500o
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Figure 48: Comparison of D* and k measured LSC dot (red triangles)  
with values extrapolated by De Souza and Kilner [6,7] (black circles) 
 
 
5.2.4.3 La0.8Sr0.2MnxCo1-xO3+δ
For the binary samples, the dots were mounted so that similar diffusion depths could be achieved 
during the isotope exchange for a diffusion exchange time of at least 20 minutes. By having an 
exchange experiment at least 20 minute-long, reduced errors are obtained on the exchange 
annealing time due to the temperature ramp up and down. Thus the samples were clustered as 
shown in table 11. After the isotope exchange the samples were depth profiled all at the same 
time, see table 10 for the beam conditions.  
 binary system 
Current / pA Area / µm Count / mS 2 Comment 
Cg – 18 CO oxidation in Si 
46 
g 
7 × 7 1000 0.129 
200mbar for 20 mins, at various temperatures 
Cb – 16 CO LSMC 8210 anneal 
13o 
bg 
5 × 5 1000 0.003 
C – 18 nm/s O LSMC set exchange 
130 5 × 5 1000 Variable 
Table 10: Beam conditions used for SIMS depth profiling of the LSMC dots using a 30keV Ga+ FIB. All the 
dots were analysed at the same time 
                                                                              Chapter 5 – The La0.8Sr0.2Mn1-xCoxO3+δ series 
96 
Plate No. Dots Pre-anneal/exchange 
temperature / °C 
Isotope exchange 
pressure / ρO18 
Exchange 
Time / mins 
mbar 
 
1 
LSMC 8210 1000  
200 
 
20 LSMC 8291 1000 
LSMC 8282 1000 
 
2 
LSMC 8273 900 
200 20 
LSMC 8264 900 
 
3 
LSMC 8255 700  
200 
 
20 LSMC 8246 700 
LSMC 8237 700 
 
4 
LSMC 8228 500  
200 
 
20 LSMC 8219 500 
LSMC 8201 500 
Table 11: Experimental details for the isotopic exchange experiments on the binary LSMC samples. 
 
Examples of the initial surfaces and final craters are shown in figure 49 (only every other crater 
has been shown starting with LSMC 8210).  
 
 
Figure 49: The SIMS craters in (a) LSMC 8210 (b) 8282 (c) 8264 (d) 8246 (e) 8228 and (f) LSMC 8201 
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From figure 49 it can be seen that no clear grain structures have been formed on any of the 
samples, including LSMC 8210 (LSM). This is in stark contrast to the grains clearly formed on 
the previous LSM dots, shown in figures 37 (a) and 38. This has serious deleterious effect on the 
SIMS depth profiling. Thus the SIMS craters have been formed over highly rough surfaces, and 
many smaller grains, which results in uneven sputtering. This is particularly clear in figure 49(e) 
where cones are visible on the crater bottom. This therefore leads to the very poor diffusion 
profiles obtained in figure 50. It is not known why the grain growth has not occurred in these 
samples, but the sintering temperature and time obviously needed to be altered. Sets 8-18 and sets 
60-62 have been synthesised to optimise the substrate and the sintering temperature and time. 
Unfortunately, the microstructure of the combinatorial dots synthesised was of such poor quality 
that no other diffusion exchange experiments have been carried out.    
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Figure 50: All of the 18
 
O diffusion profiles in the LSMC set of dots 
The results of the FIB SIMS depth profiling are shown in figure 50. From the profiles below it 
seems that only two of the samples have yielded expected 18O diffusion profiles, LSMC 8201 and 
LSMC 8219. All of the other profiles have been seriously degraded due to the initial roughness of 
the samples, and the progressive worsening of this roughness during ion beam sputtering with 
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maybe the exception of LSMC 8282 and LSMC 8210. Even for LSMC 8219 after 1000nm 
degradation of the diffusion profile is seen. This is obviously a SIMS artefact due to roughening 
of the ion beam sputtering. The poor sample density creates a sputtering of large layers of 
ceramic followed by smaller layers of ceramic due to the cavity either natural (pores) or artificial 
(ion beam roughening). The latter elements exergues this phenomenon as observed in diffusion 
profile LSMC 8237, LSMC 8255, LSMC 8264 and LSMC 8273. The diffusion into LSMC 8291 
seems not to have occurred and therefore is not taken into account. The diffusion profiles into 
ceramic LSMC 8282 and LSMC 8210 are more interesting as they show a tail in their large 
diffusion profile suggesting that grain boundary diffusion processes might be involved. However, 
no quantitative information could be extracted as the measurement surface labelled oxygen 
concentration exhibits a very unlikely higher content than the labelled gas concentration.      
 
5.2.4.4 Oxygen ion Diffusion and surface exchange summary 
The fitting subroutine procedure has been checked on all the diffusion profiles into LSM, LSC 
and LSMC samples and maxima/minima values have been estimated. The isotope exchange 
experimental data are summarised in this section. In the summary tables, two or three D* and k 
values for the same composition and same experimental conditions means that two or three depth 
profiles have been milled in the same sample on different grains. The reliability and quality of the 
diffusion experiments can be proven by milling in different spots. In table 12, the isotope 
exchange experimental data for the second round of experiments on LSM at low pressure have 
been summarised. In table 13, the isotope exchange data for experiments on LSM and LSC have 
been summarized. 
 
   Oxygen Ion Diffusivity(cm
2
.s
-1
) Surface Exchange (cm.s
-1
) 
P(mbar) T(ºC) Comp D Dmax Dmin k kmax kmin 
200 1000 LSM 6.4x10
-13
 7.3x10
-13
 5.7x10
-13
 2.1x10
-07
 2.2x10
-07
 2.0x10
-07
 
10 1000 LSM 1.2x10
-12
 1.2x10
-12
 1.2x10
-12
 7.9x10
-07
 8.0x10
-07
 7.8x10
-07
 
5 1000 LSM 7.9x10
-13
 8.6x10
-13
 7.3x10
-13
 1.1x10
-07
 1.1x10
-07
 1.0x10
-07
 
2 1000 LSM 1.1x10
-12
 1.3x10
-12
 9.5x10
-13
 2.1x10
-07
 2.2x10
-07
 2.0x10
-07
 
Table 12: Experimental range of new values of D
*
 and k for LSM 
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   Oxygen Ion Diffusivity(cm
2
.s
-1
) Surface Exchange (cm.s
-1
) 
P(mbar) T (ºC) Comp D Dmax Dmin k kmax kmin 
200 500 LSC 1.7x10
-12
 3.1x10
-12
 9.8x10
-13
 5.7x10
-09
 7.5x10
-09
 4.3x10
-09
 
200 500 LSC 3.4x10
-12
 5.2x10
-12
 2.2x10
-12
 1.0x10
-08
 1.2x10
-08
 8.1x10
-09
 
200 500 LSC 1.9x10
-12
 3.0x10
-12
 1.3x10
-12
 8.8x10
-09
 1.1x10
-08
 7.2x10
-09
 
200 600 LSC 1.4x10
-11
 1.8x10
-11
 1.2x10
-11
 1.8x10
-07
 2.0x10
-07
 1.6x10
-07
 
200 700 LSM 1.4x10
-16
 1.8x10
-16
 1.3x10
-16
 1.9x10
-10
 1.9x10
-10
 1.7x10
-10
 
200 700 LSM 1.2x10
-16
 1.4x10
-16
 9.9x10
-17
 1.5x10
-10
 1.6x10
-10
 1.4x10
-10
 
200 700 LSM 2.0x10
-16
 2.4x10
-16
 1.7x10
-16
 2.6x10
-10
 2.8x10
-10
 2.5x10
-10
 
10 1000 LSM 1.9x10
-12
 2.2x10
-12
 1.6x10
-12
 4.6x10
-08
 5.3x10
-08
 4.0x10
-08
 
10 1000 LSM 2.3x10
-12
 2.7x10
-12
 2.0x10
-12
 7.5x10
-08
 8.6x10
-08
 6.5x10
-08
 
5 1000 LSM 1.9x10
-12
 2.2x10
-12
 1.6x10
-12
 5.5x10
-08
 5.8x10
-08
 5.2x10
-08
 
1 1000 LSM 1.0x10
-12
 1.2x10
-12
 9.2x10
-13
 8.1x10
-08
 8.5x10
-08
 7.7x10
-08
 
1 1000 LSM 1.2x10
-12
 1.4x10
-12
 1.1x10
-12
 5.6x10
-08
 5.9x10
-08
 5.4x10
-08
 
Table 13: Experimental range of values of D
*
 and k for both LSM and LSC 
 
5.2.5 Thermal-expansion coefficient  
The high temperature XRD results over a selected range of LSMC compositions are shown in 
figure 51 (a) to (d), i.e., only selected compositions have been shown. The samples were heated 
from 35C through to 600C, with measurements being made every 100C and a configuration 
trend has been observed among the full LSMC series. The samples show no change of phases as 
single phase perovskite remains the only phase while increasing the temperature. However the 
perovskite cell is distorted from the hexagonal configuration to closer to a cubic cell. Indeed with 
the increase of temperature the double peak around 2=32° tend to merge into one single peak. 
However, no pure cubic phase has been observed.        
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P(mbar) T (ºC) Comp D D Dmax k min k kmax 
200 
min 
500 LSC 1.7x10 3.1x10-12 9.8x10-12 5.7x10-13 7.5x10-09 4.3x10-09 
200 
-09 
500 LSC 3.4x10 5.2x10-12 2.2x10-12 1.0x10-12 1.2x10-08 8.1x10-08 
200 
-09 
500 LSC 1.9x10 3.0x10-12 1.3x10-12 8.8x10-12 1.1x10-09 7.2x10-08 
200 
-09 
600 LSC 1.4x10 1.8x10-11 1.2x10-11 1.8x10-11 2.0x10-07 1.6x10-07 
200 
-07 
700 LSM 1.4x10 1.8x10-16 1.3x10-16 1.9x10-16 1.9x10-10 1.7x10-10 
200 
-10 
700 LSM 1.2x10 1.4x10-16 9.9x10-16 1.5x10-17 1.6x10-10 1.4x10-10 
200 
-10 
700 LSM 2.0x10 2.4x10-16 1.7x10-16 2.6x10-16 2.8x10-10 2.5x10-10 
10 
-10 
1000 LSM 1.9x10 2.2x10-12 1.6x10-12 4.6x10-12 5.3x10-08 4.0x10-08 
10 
-08 
1000 LSM 2.3x10 2.7x10-12 2.0x10-12 7.5x10-12 8.6x10-08 6.5x10-08 
5 
-08 
1000 LSM 1.9x10 2.2x10-12 1.6x10-12 5.5x10-12 5.8x10-08 5.2x10-08 
1 
-08 
1000 LSM 1.0x10 1.2x10-12 9.2x10-12 8.1x10-13 8.5x10-08 7.7x10-08 
1 
-08 
1000 LSM 1.2x10 1.4x10-12 1.1x10-12 5.6x10-12 5.9x10-08 5.4x10-08 
Table 13: Experimental range of values of D
-08 
*
 
 and k for both LSM and LSC 
5.2.5 Thermal-expansion coefficient  
The high temperature XRD results over a selected range of LSMC compositions are shown in 
figure 51 (a) to (d), i.e., only selected compositions have been shown. The samples were heated 
from 35°C through to 600°C, with measurements being made every 100°C and a configuration 
trend has been observed among the full LSMC series. The samples show no change of phases as 
single phase perovskite remains the only phase while increasing the temperature. However the 
perovskite cell is distorted from the hexagonal configuration to closer to a cubic cell. Indeed with 
the increase of temperature the double peak around 2θ=32° tend to merge into one single peak. 
However, no pure cubic phase has been observed.        
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(d) LSMC 8219 
Figure 51: The HT-XRD results for different LSMC compositions  
(a) 8210 (b) 8273 (c) 8237 (d) 8219, from series 155 to 177  
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From these profiles the lattice parameters a and c were obtained via UNITCELL. These are 
shown in figure 52 (a) & (b).  
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(a) a-axis 
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(b) c-axis 
Figure 52: The change in lattice parameters a and c due to changing composition and temperature. 
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Initially as the Co content increases the lattice parameters do not change too much. Once the Co 
and Mn content reaches 50:50 the a-axis increases considerably. After this mid-point 
composition, the a and c axis increase significantly, with corresponding increases in Co content.  
 
Even if the thermal expansion trends on both lattice parameters are similar, the perovskite cell 
expands differently in each direction with temperature. A thermal expansion analysis needs to 
average the anisotropic effect of temperature on the lattice. For this reason a pseudo-cubic 
volume cell and its lattice ac
 
 are calculated from the measured volume cell. Then an average 
Thermal Expansion Coefficient TEC is calculated by taking the ratio between the averaged 
expansion length and the room temperature pseudo lattice parameter.  TEC values are 
summarised in table 14 below.  
Composition TEC (10-6 K-1 Composition ) TEC (10-6 K-1
LSMC 8201 
) 
17.2 LSMC 8255 15.6 
LSMC 8219 18.6 LSMC 8264 20.4 
LSMC 8228 18.7 LSMC 8273 10.3 
LSMC 8237 18.8 LSMC 8282 10.6 
LSMC 8246 22.4 LSMC 8291 10.6 
Table 14: Lattice Thermal Expansion Coefficient (TEC) evaluated from the lattice parameters observed 
under HT-XRD 
 
The TEC for cobalt-rich perovskites up to 30% substitution has a value of 17-18 x 10-6K-1. 
Further manganese substitution on B-site increases the TEC to 20-22 x 10-6K-1 for the 
intermediate range of the series – the value for LSMC 8255 is disregarded as the higher 
temperature lattice parameters have been underestimated and therefore the TEC is also 
underestimated. For manganese-rich perovskites up to 30% substitution, a lower TEC value, half 
of the precedent value, has been measured to 10 x 10-6K-1.  The high oxygen mobility and lower 
time relaxation for oxygen desorption with temperature enable the cobalt-rich perovskite unit 
cells to be more flexible and therefore are more sensible to temperature enhanced distortions and 
expansion, i.e., exhibit higher thermal expansion coefficients. As manganese-rich perovskites 
exhibits the opposite oxygen mobility characteristics to those of cobalt-rich perovskites, a lower 
thermal expansion can therefore be deduced.     
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Chapter 6 The La0.8Sr0.2Co1-y-zMnyFezO3+δ
 
 series 
As discussed in the experimental techniques chapter, LSCMF samples were produced from 
the carbonate or oxide parent powders. LSCMF samples were produced automatically and the 
full LSCMF ternary set was divided into sixty-six plastic containers, i.e., one for each 
composition. The number of samples in each container depended on the LUSI synthesis 
programme and/or the quantity of ink available at the synthesis stage. Sets 63-73 and sets 74-
84 are two LSCF binary series that have been sintered at 1250oC and 1300oC respectively, 
while the full ternary system (sets 178-243) has been synthesised at 1250o
 
C. Each set 
represents one labelled container, therefore one composition. XRD scans on some of the 
elements of the pseudo ternary have been undertaken by Jennifer Julis as part of her master 
degree.  
Most of the dimensional properties (dots’, grains’ and pores’ size and shapes) remain similar 
or of the same order of magnitude as the one measured in the previous chapter. As the 
synthesised dot grain structure was too poor, no diffusion measurements have been 
undertaken. Consequently, only composition, phase, oxygen content and thermal expansion 
characterisations have been carried out and their related results are summarised and briefly 
analysed in this chapter.  
 
6.1 Experimental Characterisation  
 
6.1.1 Composition Characterisation 
 
Samples from the two LSCF binaries have been sent to the Natural History Museum for some 
ICP-MS investigations. The results are summarised in table 15 and 16 and they show that the 
compositions produced by the LUSI robot are very close to the desired compositions. There is 
no significant contamination of other metal or rare-earth elements: i.e., a few ppms or less 
than the instrument threshold limit. Again the substrate/perovskite interface or interaction is 
shown to be fairly poor as no significant aluminium contamination is observed. It can 
therefore be assumed that the LSCMF ternary has been synthesised properly.  
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Sample No. Co/B-sites  Expected Co/B-
sites 
La/A-sites Expected La/A-
sites 
63 1.000±0.000 1 0.763±0.001 0.8 
64 0.881±0.002 0.9 0.813±0.003 0.8 
65 0.741±0.002 0.8 0.820±0.002 0.8 
66 0.696±0.002 0.7 0.824±0.003 0.8 
67 0.596±0.003 0.6 0.831±0.002 0.8 
68 0.491±0.003 0.5 0.819±0.003 0.8 
69 0.383±0.002 0.4 0.849±0.002 0.8 
70 0.311±0.002 0.3 0.859±0.001 0.8 
71 0.227±0.002 0.2 0.817±0.002 0.8 
72 0.125±0.000 0.1 0.831±0.002 0.8 
73 0.001±0.000 0 0.820±0.002 0.8 
Table 15: ICP-MS measurement of samples 63 to 73, sintered at 1250°C for 2 hours 
 
Sample No. Co/B-sites Expected Co/B-
sites 
La/A-sites Expected La/A-
sites 
74 1.000±0.000 1 0.870±0.003 0.8 
75 0.895±0.002 0.9 0.830±0.001 0.8 
76 0.773±0.001 0.8 0.821±0.003 0.8 
77 0.695±0.002 0.7 0.800±0.002 0.8 
78 0.627±0.002 0.6 0.828±0.002 0.8 
79 0.533±0.002 0.5 0.816±0.001 0.8 
80 0.455±0.002 0.4 0.817±0.002 0.8 
81 0.361±0.002 0.3 0.827±0.002 0.8 
82 0.288±0.003 0.2 0.829±0.004 0.8 
83 0.138±0.002 0.1 0.847±0.002 0.8 
84 0.002±0.000 0 0.811±0.002 0.8 
Table 16: ICP-MS measurement of samples 74 to 84, sintered at 1300°C for 2 hours 
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6.1.2 Phase Characterisation 
 
Room temperature XRD has been carried out on both full LSCF pseudobinaries; The full 
XRD patterns of the LSCF samples from set 63 to 73 and from set 74 to 84 are shown below 
respectively in figure 53 and figure 54.  
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Figure 53: XRD patterns of LSCF samples from set 63 to 73 
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Figure 54: XRD patterns of LSCF samples from set 74 to 84 
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Both sets of XRD patterns show the same trend: the previously highlighted double peaks 
around 2θ =33° are still observed for LSC (LSCF 8210) up to LSCF 8246, whereas as a single 
peak around 2θ =32.4° is observed from LSCF 8237 up to LSF (LSCF 8201). In the 
intermediary region (LSCF 8273 – LSCF 8246) the merging of the two peaks is observed 
with iron substitution of cobalt B-site suggesting a distortion of the hexagonal structure. The 
patterns also show a clear shift of the main peak at 2θ =33° as the iron content increases. The 
shift and changing shape of this peak for the LSCF sintered at 1250°C is highlighted below in 
figure 55. Along with the peak shifting due to the increase in iron on the B site, the peak 
shape is also changing. The change in peak shape indicates a change in cell symmetry: from 
the rhombohedral for the Co dominated B-site series to orthorhombic for the Fe dominated B 
site series. In order to get a pure single phase ceramic dot, the correct sintering times and 
temperature are essential. In the LSCF dots produced at 1250°C and 1300°C and sintered for 
2 hours the XRD patterns indicated the presence of secondary phases along with the desired 
perovskite phase. 
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Figure 55: Highlight of the main perovskite peak for samples 063 to 073 
 
Second phases are shown in all samples as peak discrepancies with the hexagonal or 
orthorhombic cells are observed such as the peak at 2θ =31.7° measured on LSCF 8210 in set 
63. Depending on the main B-site cation, the secondary phases or oxides which are mainly 
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formed are different. In La0.8Sr0.2CoyFe1-yO3+δ with 0<y<0.4, a K2NiF4
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observed as shown in figure 56 for LSC (LSCF 8210). This may have been formed due to an 
deficiency of Co.  
 
Figure 56: XRD pattern and peak determination of LSC set 63   
Whereas in La0.8Sr0.2CoyFe1-yO3+δ with 0.6<y<1, two competing structures are observed; 
La2SrFeO7 and La2SrO6
 
 have both been detected as shown in figure 57 for LSF (LSCF 
8201). 
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Figure 57: XRD pattern and peak determination of LSF set 73 
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Room temperature XRD over the pseudo-ternary LSCMF system indicates that most of the 
compositions were single-phase perovskites. Four out of 66 samples showed a major presence 
of second phases, whereas XRD patterns of twelve other compositions indicate traces of 
second phases. The second phase distribution and composition are summarized in figure 58. 
The high cobalt content perovskites have been synthesized as a single phase, whereas, as the 
substitution of cobalt with iron or manganese increases, the synthesis is not completed as 
either oxides or the thermodynamically less favorable K2NiF4
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Figure 58: Second phase composition and distribution in the LSCMF observed from the room 
temperature XRD patterns. 
From the XRD patterns, a hexagonal cell was deduced [91] for most of the compositions and 
lattice parameters were calculated using the freeware UNITCELL [92]. Only compositions 
LSF (LSCMF 82001) and LSCMF 82019 displayed an orthorhombic unit cell, but a 
rhombohedral unit cell has been assumed in the following analysis over the full pseudo-
ternary solid solution. Two lattice parameters a and c, coupled with the cell volume were then 
extracted for each composition. A contour plot representation of the data has been employed 
as this facilitates easy identification of regions of compositional interest. The plots are 
generated by ordering the manganese and iron contents along x and y axes, respectively. 
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Compounds for which a property has been calculated therefore form a grid of points. The 
material’s property of interest (the independent variable) is displayed by the contours of 
varying colour. Warm colours represent high values, whilst cool colours represent low values. 
The lattice parameter trends are displayed in figures 59&60. In these graphs, the LSC 
composition is in the bottom left corner, the LSMC and LSCF series lies respectively on the 
bottom horizontal line and the left vertical line, while the LSMF series lies in the 
hypothenuse. Substituting cobalt for either manganese or iron in the B-sites of LSC causes the 
cell parameters to increase slowly until 30-40% of substitution. Then the hexagonal cell 
volume increases sharply with further substitution of cobalt, i.e., a strong deviation from 
Vegard’s law.  
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Figure 59: Variation of the lattice parameter a (Å) in the LSCMF ternary determined by XRD at room 
temperature. 
At larger substitution levels of cobalt, around 90%, (close to the hypothenus of the triangle), 
the lattice parameters seem to be varying sharply with the manganese/iron ratio. However, 
LSCMF 82145 and LSCMF 82136, which exhibit a “virtual” local large variation of lattice 
parameters with their nearest composition, and those with higher content of iron are in the 
compositional space where second phases are significantly observed; i.e., the cell parameters 
for these compositions are more likely to have significant deviation from expected trends. As 
highly second phase containing samples can not be considered as single phase perovskite 
sample, the local trends in lattice parameters do not to represent the expected reality.  
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Figure 60: Variation of the lattice parameter c (Å) in the LSCMF ternary determined by XRD at room 
temperature. 
In the previous chapter, the pseudo binary La0.8Sr0.2Mn1-yCoyO3+δ (LSMC) system was 
synthesised by the same automated route, but using perovskite inks of La0.8Sr0.2MnO3+δ  
and La0.8Sr0.2CoO3+δ
No trend can be observed between the lattice parameters of the combinatorial LSMF series 
and those of the four hexagonal elements out of five (LSF synthesized into an orthorhombic 
unit cell) synthesised by Kindermann [78]. No explanation was given to explain the increase 
in value of lattice parameter a while substituting 10% manganese with iron, whereas the 
decreasing trend in a was observed with more substantial substitution. Our values seem 
randomly spread preventing confirming or infirming the previous observation. The high level 
of second phases in the high manganite/ferrite oxide area prevents indeed any potential 
comparison as shown in figure 62. 
. Lattice parameter trends calculated in the pseudo ternary LSCMF are 
similar to those found in LSMC series. Figure 61 shows the fair agreement between lattice 
parameter a of perovskite samples synthesized by the two routes, confirming this change in 
cell parameters. The two observed lattice parameter variations are due to the presence of 
significant second phase(s). As highlighted in the previous paragraph, although the local 
trends can not be considered as the ones of single phase perovskite, the average trends in 
lattice parameters in the pseudo ternary LSCMF matches over the whole Mn/Co substitution 
in the pseudo binary LSMC very well with those observed in the LSMC series produced from 
commercial perovskite powder.  
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Figure 61: Variation of the lattice parameter a (Å), determined by XRD at room temperature, in the 
LSMC series synthesized from perovskite inks (black circle) and LSCMF ternary synthesized from 
oxide/carbonate inks (red circle: single phase perovskite; green circle: perovskite + second phases:). 
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Figure 62: Variation of the lattice parameter a (Å), determined by XRD at room temperature, in the 
LSCMF series synthesized from oxide inks (black square) and LSMF elements from Kindermann [78] 
(red circle). 
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6.1.3 Oxygen Content Variation with Temperature 
The sintering conditions used to fabricate the perovskite dots will determine the final oxygen 
content of the ceramic oxide. The oxygen stoichiometry was therefore measured using 
thermogravimetic analysis in flowing air using a Netzsch STA 449C Jupiter simultaneous 
TG-DTA/DSC instrument. The samples were measured from room temperature through to 
1060°C. In order to evaluate the non-stoichiometry of the dots, it was assumed that every dot 
synthesised by the LUSI robot was initially stoichiometric. Oxygen content measurements 
were carried out on the LSCF samples (063-073) sintered at 1250°C for 2 hours and results 
have been compared to those of LSMC samples sintered at 1350°C for 1 hour. The results of 
the measurements are shown below in figure 63.  
 
On the horizontal axis, the scale is arbitrary so that the two pseudo binary system are 
displayed on the same axis. The oxygen variation contents of the LSCF set are shown 
between z=0 (LSF) and z=1 (LSC), while those of the LSMC pseudo binary are shown 
between z=1 (LSC) and z=2 (LSM). LSF releases the highest oxygen content at 1000o
 
C with 
an equivalent of 0.68 non stoichiometry if all the mass released was oxygen from the 
perovskite phase.  
In order to more accurately assess the oxygen content variation the measurements need to be 
carried out in nitrogen to ensure the mass change is wholly associated with the loss of oxygen 
in the ceramic. Also water and unreacted carbonates in the LSCF samples’ surface will also 
be evolved adding to the weight loss measured. This has not been accounted for in the data 
and therefore the variations of oxygen content in the LSCF pseudo-binary are unlikely to be 
as accurate as those measured in pure LSCM perovskite.  
 
By substituting iron on the B-site with cobalt the oxygen content desorbed is strongly reduced 
as the oxygen content variation rapidly reaches a plateau for the La0.8Sr0.2Fe0.4Co0.6O3-δ
 
 
composition. Once the Co content has reached 80%, however, there then appears to be a small 
drop in the oxygen content released, followed by an increase from LSCF 8291 to LSC in the 
LSCF series. For the LSMC series (which was made from mixing LSC and LSM powders) 
the oxygen stoichiometry slowly increases from approximately δ= -0.13 for LSC through to a 
δ value of 0, as the Mn content increases to 60% and above.  
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It is very unlikely the observed drop is very significant and the region represented from z=0.5 
to z=1.3 seems to be a plateau taking into account the associated error of ∆δ=+/- 0.03 with the 
TGA measurement. Therefore three areas have been highlighted: manganese-rich perovskite 
with up to 50% cobalt substitution on B-site that exhibits low oxygen content variation with 
temperature; cobalt-rich perovskite with up to 40% iron or manganese substitution that 
exhibits a non stoichiometry changes at 1000o
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Figure 63: Variation of oxygen non stoichiometry associated with B sites ion. From z=0 to 1 data points 
are for La0.8Sr0.2FexCo1-xO3 and from z=1 to 2 for La0.8Sr0.2Mnx-1Co2-xO
 
3 
The same procedure has been performed on each composition of the LSCMF, however no 
trend had been observed.  Again, purity of the perovskite phase and surface carbonates and 
water have a direct effect on the measured oxygen non-stoichiometry values. These values 
seem randomly distributed as no sensible trend could be analysed. Moreover the contour plot, 
which smooths small discrepancies, was almost single-coloured as the oxygen content 
variation values were uniformly smoothed over the full pseudo-ternary compositional space.  
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6.1.4 Thermal-expansion coefficient  
A study of the thermal expansion over the ternary compositions had been initiated using HT-
XRD. Only a selected range of compositions have been studied: two perovskites with no 
manganese (LSCMF 82901 and LSCMF 82703), two perovskites with 10% iron (LSCMF 
82721 and LSCMF 82541) and another composition LSCMF 82523. While heating the 
samples to 600°C, the hexagonal perovskite phase is initially present, however each 
compositional group behaves differently and different changes of crystal structure are 
observed as shown in figure 64. The hexagonal perovskites are shown in black, the tetragonal 
ones in red while the cubic one is displayed in green.  
The perovskites from the first group (no manganese) change from a hexagonal to a tetragonal 
structure upon heating. Substituting cobalt by iron decreases the temperature at which this 
phase change occurs (10%Fe, Thex/tetra=600°C, 30%Fe, Thex/tetra
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Figure 64: Variation of the pseudo-cubic lattice parameter aC
The second group (ternary with fixed 10% iron) does not show any phase change while 
heating them from room temperature to 600°C and therefore remains black over the full 
range.  
 with temperature for LSCMF 82901 
(triangle), LSCMF 82721 (circle), LSCMF 82703 (square), LSCMF 82541 (cross) and LSCMF 82523 
(diamond). Black, red and green are related to hexagonal, tetragonal and cubic phase respectively. 
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The last composition shows a change from a hexagonal to a cubic phase at 600°C and is 
highlighted by the single green point in figure 64.  
From this variation of lattice parameter with temperature, a thermal expansion coefficient can 
be calculated. Thermal expansion coefficients of LSCMF 82901, LSCMF 82703, LSCMF 
82721, LSCMF 82541 and LSCMF 82523 have been estimated to be 17.9, 19.3, 18.4, 12.6 
and 18.9 x 10-6 K-1
 
. 
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Chapter 7 Conclusions  
 
 
As a combinatorial research project aimed at accelerating materials screening, lots of 
preliminary results have been collected and they were presented in the two result chapters. 
Consequently a more detailed discussion is required to analyse and highlight trends from this 
systematic survey of perovskite materials, and eventually to provide new or better 
understanding by identifying the most suitable compositions to implement in future SOFC 
applications.  This process is shown in figure 65: the large empirical set of data is reduced by 
getting useful information; and the core of these pieces of information is then used to build a 
comprehensive knowledge base.   
 
    Knowledge (theory)     
  Information (trends)   
 Data (Images, Parameter, Values…)  
Figure 65: Learning process in a combinatorial project. 
 
This chapter is therefore two-fold: first to collect trends and build a new landscape of the ion 
conducting perovskite and eventually to conclude on the feasability of high-throughput 
screening techniques on the synthesis and characterization of perovskite systems for SOFC 
applications.   
 
 
7.1 Structural Properties 
 
It is important to highlight that an automated synthesis route succeeded in producing the 
correct composition and single-phase LSMC samples from the perovskite parent inks. To a 
second extent, correct compositions and large single-phase compositional spread have been 
achieved from the oxide/carbonate source inks. Potentially, a pure pseudo-ternary phase 
diagram could have been produced by sintering dots at different sintering temperatures.   
 
For most compositions of the LSCMF pseudo-ternary system, the perovskite structure has a 
hexagonal cell and a comprehensive lattice parameter trend has been observed as shown in 
figure 61 & 62. For LSMC, this observation has been checked for two sintering temperatures, 
i.e., 1200oC and 1250oC. This is in good agreement with previous structural characterisation, 
suggesting even a little more subtle change of the lattice parameters on the La0.8Sr0.2Mn1-
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yCoyO3-δ system [6,116]. Nevertheless, only two compositions from the LSMF series had the 
orthorhombic structure and they were iron rich perovskite oxides as this trend has been 
observed previously in the same La0.8Sr0.2Mn1-yFeyO3-δ system [78] or a similar compositional 
system La1-xSrxMn1-yFeyO3-δ, but with either a different strontium substitution on the A-site or 
a depletion of the A-site elements in the perovskite phase [124]. The difference between the 
ionic radii of isovalent manganese, cobalt and iron cations is too small to cause a noticeable 
distortion of the perovskite phase. The introduction of a smaller ion in the package will 
enhance the formation of hexagonal or the cubic structure, whereas a bigger ion will create 
more distortion up to an orthorombic cell. Indeed, a higher substitution of strontium on La1-
xSrxMn1-yFeyO3-δ [124] or La1-xSrxCoO3-δ [125] prevents the formation of an orthorhombic 
structure or enhances the formation of a cubic phase whereas the substitution of lanthanum 
with gadolinum, praesodymium or neodymium causes the formation of an orthorhombic 
structure for the full Ln1-xSrxCo1-yFeyO3-δ series [126].    
    
Doping on the B-site of LSM with cobalt causes a shrinkage of the cell volume without any 
noticeable distortion/change of structure up to a cobalt-doping level of 60%-70%, when the 
lattice volume decreases only slightly as shown in figure 61. Interestingly, three distinct 
regions can be identified: the first region from 0 to 20% cobalt-substituted LSM, a second 
region with a sharp linear change in the middle compositional range of the LSMC system 
(from 20% to 70% cobalt substitution) and a third region with a lower gradient from 70% 
cobalt-doped LSMC to LSC. These changes in lattice parameter are to be expected as a first 
approximation, as we replace the Mn3+ (ionic radius 0.645Å) with the slightly smaller Co3+ 
(ionic radius 0.61Å). As the Co3+ and Mn3+ have almost similar ionic radii, the cell shrinkage 
can be created by either a distortion of the BO6 octahedra in the perovskite ABO3; or by the 
preferential formation of smaller metal ion Mn4+ (ionic radius 0.53Å) and/or oxygen 
vacancies. As the XRD analysis indicated no distortion of the rhombohedral structure, and the 
oxygen vacancy content is not sufficient enough to explain the cell shrinkage, a formation of 
Mn4+ is the main explanation for the sharp decrease in lattice parameters in the second region. 
In the third region the formation of Mn4+ is less important due to the substitution of most of 
the manganese on B-site with cobalt. The decreases in lattice parameters and volume are still 
observed but with a lower gradient due to smaller configuration change from the substitution 
of a smaller trivalent ion on B-site and the creation of more oxygen vacancies as cobalt-rich 
lanthanum-based perovskite exhibit compared to manganese-rich ones as shown in figure 10.     
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It was also observed that the XRD spectra and lattice trends were consistent for the two 
sintering temperatures of 1200ºC to 1250ºC, however, the lattice parameter value is not 
significantly modified with the B-site cation as the pseudo-cubic lattice parameter remains in 
the same order of magnitude over the full LSMC series. This observation is in good 
agreement with other perovskite cell volumes and corroborates the assumption that the 
variation of lattice parameters with composition can not explain the five orders of magnitude 
change in diffusivity in the La0.8Sr0.2Mn1-yCoyO3-δ system [6] as observed in figure 12.   
  
Although the average lattice parameters and even the oxygen stoichiometry are not changing 
drastically in this temperature range, it is clear that structural disorder is created by the 
substitution on the B site, affecting differently the two phonon modes observed by Raman 
spectroscopy. The interpretation of the Raman spectra for LSMC and other related perovskites 
[118] is far from straight forward. At high Co doping levels from x = 0.7 and upwards the 
increase of the ratio of the modes as well as the sharp increase in softening probably reflect 
the systematic change of oxygen stoichiometry. The increase in oxygen vacancies at these Co 
concentrations produces significant local Jahn-Teller distortions and the Raman spectra are a 
rather sensitive measure of such changes.  
 
As far as the microstructure is concerned, LSM and some LSC samples formed into dense 
ceramics, however none of the other mixtures of the LSMC pseudo-binary and the LSCMF 
pseudo-ternary exhibited a well sintered structure. Even when the sintering time was 
increased, the surface morphology of LSC samples was not improved. This proved to have no 
discernable influence on the crystal structure and the experimental techniques used in this 
combinatorial project.    
 
7.2 SOFC properties 
 
7.2.1 Oxygen mobility 
 
 
7.2.1.1 Thermal Imaging 
A thermal imaging survey was unable to give further information about the thermal activity 
during the oxygen desorption at the surface of the ceramic. The thermal imaging spectra were 
not sufficient to distinguish the thermal aspect of oxygen activity on LSM or LSC surface. To 
overcome this technical issue, IR might be an alternative to reach a better understanding of 
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the surface processes occuring while oxygen desorption occurs [127]. The analysis of an 
oxygen isotope-enriched desorption enables the opportunity to follow up the rate and the 
potential steps of the surface exchange.  
 
7.2.1.2 Thermogravimetric Analysis 
For LSMC compositions where the cobalt content is higher than fifty percent, oxygen is lost 
during the TGA analysis from the perovskite lattice which occurs during heating to 1000ºC. 
This must be coupled to cobalt reduction and the formation of oxygen vacancies. The latter 
phenomenon is known to enhance oxygen ion diffusion. De Souza measured oxygen ion 
diffusion for five compositions in the LSMC series [6]. The tracer diffusion coefficient was 
low for LSMC with 0≤x≤0.3 and from there the trend for the ion diffusivity shows a large 
increase with the cobalt doping. Figure 33 shows that the systematic TGA results over the 
LSMC series are in good agreement with such an observation. The B-site cations 
oxidation/reduction in the LSMC series imposes the shrinkage of the perovskite unit cell, 
reducing the diffusion jump needed in cobalt rich perovskite. As the lattice parameter 
decrease – i.e., the diffusion jump length reduces -, it enhances the diffusion probability 
however these analyses are not sufficient to quantify the diffusion ratios between members of 
the full series or to explain the five order of magnitude increase in diffusion coefficient while 
substituting cobalt with manganese. Further investigation has to be done to understand the 
effect of B-site substitution on the crystal structure and the lattice parameters and their 
implications on the oxygen ion diffusion. 
 
For the LSCMF pseudo-ternary system characterisation, TGA has been used unsuccessfully. 
Both the limited amount of, and purity of, sample powders prevented the collection of a 
comprehensive set of trends for the oxygen variation with temperature over a larger range of 
compositions. Mainly the large amount of surface carbonates and water were obstructing the 
oxidation processes of the perovskite phase, and the (high) presence of second phase caused 
different oxidation phenomena, which were independent of the composition. The distribution 
of oxygen non-stoichiometry over the LSCMF system was therefore not accurate.  
  
7.2.1.3 Systematic Catalysis Analysis 
The main interest of the catalysis survey lay in the TPD results as three desorption peaks have 
been previously observed in LaCoO3 [128]: two low temperature peaks around 300°C and 
500°C which have been assigned to surface oxygen species (physical/chemisorption) and one 
peak at high temperature around 800°C which indicated lattice desorption. As LSM and LSC 
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exhibit different oxygen reactivity both at the surface (k, surface exchange) and in the lattice 
(D*, bulk diffusion coefficient), this test would have provided complementary information 
with IE/SIMS measurement. Different oxygen partial pressures or different cooling rates 
during the TPO step have been tried to enhance and/or observe oxygen desorption during the 
TPD step, but without success. The absence of oxygen desorption must be due to the oxidised 
environment as the phenomena has been observed in neutral (air in TGA) and in reduced 
(Catalysis TPR) atmosphere.   
 
As results show no oxygen desorption during the TPD step, discussion has been drawn 
according to the TPR results. The systematic catalysis study shows that cobalt substitution of 
LSM decreases the oxygen desorption temperature for both surface and lattice transport 
phenomena and therefore enhances the oxygen surface and lattice mobility. These features 
corroborate the previous TGA and Raman findings.  
 
As observed in figure 10 in Chapter 2, cobalt substitution of LSM on the B-site drives the 
perovskite into a hypostochiometric phase: it leads to a smaller cell, i.e., a smaller jump is 
required for oxygen ions to diffuse through the perovskite cell; this enhances the reduction of 
more manganese Mn4+ into Mn3+, which perturbs less spatially the migration path of oxygen 
ion; and eventually enhances the creation of oxygen vacancies.  All the experimental results 
converge to the same trend.  
 
7.2.1.4 Isotope Exchange followed by post-mortem SIMS analysis 
Short diffusion profiles of an order of 1 micrometre or less can be achieved by depth-profiling 
a ceramic sample after a brief isotope exchange experiment. The measured diffusion 
parameters were in very good agreement with previous measurement of ceramic pellets. 
Indeed, investigation of diffusion profiles in LSM and LSC at ambient pressure have been 
achieved, and their related experimental diffusion parameters followed the trend already 
observed by de Souza at higher temperature as shown in figure 48 for the LSC composition.  
 
This new approach would be useful to evaluate in a quicker manner oxygen ion diffusion at 
high temperature, or to reduce the experimental annealing time to investigate it at lower 
temperature. By reducing the annealing time, Killoran assumption [107] is then circumvented 
and therefore large errors might be brought up by the measurement. Both experimental 
instrumentation techniques (FIB/SIMS) and data analysis algorithms were successfully 
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demonstrated to undertake measurements of oxygen diffusion in ion conducting materials in 
such conditions.  
 
If the annealing time had to be reduced too drastically, an alternative method has been 
implemented by quantifying in an in-situ manner the depletion of isotope oxygen in the gas by 
Raman spectroscopy [129]. This technique could be useful on one hand to accelerate the ion 
diffusion characterisation over large libraries, although only one material has been 
characterised under such a procedure, and therefore the reliability of the technique needs to 
checked first; on the other hand, the survey of the three oxygen species decomposition 
[130,131] – i.e., 16O16O, 16O18O and 18O18O – would again give complimentary information 
about the surface processes occuring in the annealing stage.  
 
7.2.1.5 Final Conclusions on oxygen mobility 
From the phenomenological aspect of diffusion and the random-walk theory, the diffusion 
coefficient was proportional to the square of the lattice parameter, a2, an oxygen vacancy, and 
a temperature dependent exponential factor. Both first parameter variations with temperature 
are not sufficient to understand the large differences in ion conducting property between LSM 
and LSC. Even, the lattice parameters slightly contracts with cobalt substitution.  Two orders 
of magnitude change in diffusivity is caused by the diffusion enthalpy: indeed the enthalpy of 
diffusion for LSM and LSC are respectively 270 and 214 kJ.mol-1 [6,7]. Therefore, the move 
through the transition from a p-type hyperstoichiometric to a p-type hypostoichiometric 
perovskite increases the oxygen vacancies concentration and hence increases the oxygen ion 
diffusivity.     
 
7.2.2 Thermal Expansion Coefficient  
Thermal expansion coefficients have been evaluated from a high-temperature XRD analysis 
of lattice expansion. Two set of trends have been observed with different results:  
• TEC trends in the LSMC prseudo-binary system produced from perovskite inks are 
the following: cobalt substitution increases the thermal expansion coefficient from a 
value of 10.6 x 10-6 K-1 for LSMC 8210 to a value of 17.2 x 10-6 K-1 for LSMC 8201.     
• TEC trends in the LSCMF pseudo-ternary sytem synthesised from oxide/carbonate 
inks are close to those previously observed: cobalt-rich perovskites exhibit TEC in the 
range between 15.1-19 x 10-6 K-1, except for one composition. No explanation could 
support the very low TEC value for the LSCMF 82541.  
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A reminder to the reader is that LSC and LSM exhibits TEC respectively in the range between 
15.1-19 x 10-6 K-1 and 10-12 x 10-6 K-1 [132,133], and this is in good agreement with our TEC 
results: indeed a correlation [134] between the thermal behaviour and the ionic transport 
properties exists due to the presence of oxygen deficiency. Again, cobalt rich oxides, which 
exhibit larger oxygen deficiency than LSM, show higher level of ion diffusion and a larger 
thermal expansion factor than a manganese-based perovskite. An optimisation is consequently 
required to match both thermo-mechanical behaviour with the electrolyte and interconnects, 
and the ionic conducting properties. 
 
7.3 Combinatorial Approach 
Combinatorial perovskite samples can be produced by a thick film method from perovskite or 
oxide and carbonate precursors, although no array library had been synthesised during this 
project for the ion conducting perovskite. With oxide/carbonate parent inks, the potential 
range of compositions produced by the LUSI robot is now enlarged to a wider space (A- or B-
sites ternary, quaternary…).  
Compositions and phases can be controlled for an automoted production. Large batch 
synthesis provides constraints on samples bookkeeping, but the accuracy of our structural 
characteristics proves that sample quality can be managed before any experiment.  
A systematic study has been initiated to characterise the performances to identify cathode 
materials: oxygen stoichiometry was evaluated before any ionic diffusion measurement and 
high temperature XRD enabled the determination of the thermal expansion coefficients of 
these compositions.  
Several techniques have been tested with high degree of success:  
• thermal expansion coefficient trends can be extracted successfully from HT-XRD 
measurements on a systematic approach.   
• Diffusion coefficients can be determined in a post-mortem IE/SIMS analysis. As a one 
micrometer depth profile was constraining the experimental design, only compositions 
whose diffusion properties were smilar could be studied in the same experiment set-
up. Although the IE/SIMS can not be qualified as high-throughput, a larger batch of 
materials could be analysed using the procedure explained in this thesis report.  
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• Oxygen non-stoichiometry or oxygen deficiency: Comprehensive trends have been 
observed in powders from the automated synthesis via thermogravimetric analysis and 
in a catalysis rig in a reduced environment. Quality synthesis is a pre-requirement as 
second phases and surface impurities overshadowed the oxygen non-stoichiometry 
determination in the LSCMF pseudo ternary system.   
Even if the techniques described in this study could not be qualified as high-throughput, it is 
possible to accelerate materials discovery via this systematic approach. The experimental 
design might need to limit the amount of samples to characterise at a time.  
 
7.4 Future Work 
A combinatorial attempt to produce perovskite thick-films has been selected to provide a 
simple comparison to previous experimental results on bulk samples. The ink-jet printer 
proved to be unable to synthesise array libraries, but large batches of samples were then 
produced automatically and characterised one-at-a-time in a systematic manner. Quality 
procedures were needed to check the accuracy and daily sample bookkeeping.   
An alternative thin-film combinatorial approach with Pulsed Laser Deposition or Chemical 
Vapor Deposition would be a future goal to screen larger compositional space. The main 
advantage would be the potential synthesis of large sample compositions on one or several 
continuous array(s). The sample management would be easier, however issues such as 
experimental properties deconvolution would need to be pre-analysed and considered before 
moving further: structural properties, oxygen content and cation valencies could be screened 
over a large range of composition. Electrochemical or conductivity measurement would be 
made possible more easily if such an experimental design proved to be feasible. 
Further investigation has to be done to understand the effect of B-site substitution on the 
crystal structure and the lattice parameters. To understand the deviation from Vegard’s law, a 
systematic study of the oxidation states of the three B-site cations is needed. At the current 
stage, no high-throughput technique has been successful to determine the oxygen content or 
the B-site cations valencies of solid samples: an X-ray absorption near-edge spectroscopy 
systematic study [135] has been performed on the LSMC perovskite system, but no attempt 
has been made to pursue a combinatorial investigation of such a class of materials yet. An 
oxidation state survey could help better understand the perovskite phase and its high stability 
along the chemical space.         
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 Appendix A: LUSI Libraries and Sample Sets 
Library  System  Qualitative observation Processing Parameters  Experiments 
A 
B 
C 
LSM  
LSC  
LSC  
   
SAM, SEM 
XRD 
D 
E 
F 
G 
H 
LSM 
LSM 
LSC  
LSC 
LSMC  
uniform coat (no dots) 
 non-u. coat (no dots) 
flat cylinder 
0 remaining big dots 
irregular shapes 
 
 
with dispersant 
without d. 
 
 
 
SEM 
Isotope exchange 
I 
J 
K 
L 
M 
N 
O 
P 
LSC 
LSM 
LSC 
LSC 
LSC  
LSM  
LSM 
LSM 
LSC coating + dots 
LSM coating (no dots) 
22 remaining small dots  
8 remaining small dots 
0 remaining small dot 
3 remaining small dots 
13 remaining small dots 
6 remaining small dots 
1300ºC 
1300ºC 
1400ºC 
1300ºC 
1200ºC 
1000ºC 
1200ºC 
1300ºC 
 
Q 
R 
S 
LSM  
LSM 
LSC 
          coating (no dots) 
2 column dots grid  
7-9 column dots grid 
 
1400ºC 
1200ºC 
 
T 
U 
V 
W 
LSMC  
LSMC 
LSMC 
LSMC 
90% of the small dots of the 4 
binary system fall off 
1100ºC 
1200ºC 
1300ºC 
1400ºC 
 
Table A1: Libraries/Arrays produced by the LUSI robot 
 
 
  
Sample  System Powders Firing  Dwell Printing  Sintering  SEM EDS XRD FIB IE/SIMS ICP DTA R Cat. TI 
ID   Temp.   Substrate Substrate           
#1 LSMC P 1250 60       O        
#2 LSMC P 1200 60     O O    O     
#3 LSMC P 1200 60       O   O      
#4 LSMC P 1200 60       O        O 
#5 LSMC P 1200 60       O         
#6 LSMC P 1200 60       O     O    
#7 LSMC P 1200 60        O O       
#8 LSMC P 1200 60        O O       
#9 LSMC P 1300 60     O           
#10 LSMC P 1350 60     O O     O     
#11 LSMC P 1400 60     O           
Table A2 : Summary of the production properties of, and experimental tests carried out onto, the LUSI first sets. 
Powders (P = Perovskite Powders;  O= Oxides/carbonates Powders) 
Experiments = SEM: Scanning Electron Microscopy; EDS: Energy Dispersive Spectrometry; XRD: X’ray Diffraction; FIB: Focus Ion Beam;  
IE/SIMS: Isotope Exchange followed by Second Ion Mass Spectrometry analysis; ICP-MS: Inudctively Coupled Plasma-Mass Spectrmetry; DTA: Differential 
Thermogravimetry Analysis;  R: Raman Scattering; Cat.: Catalysis Rig; TI: Thermal Imaging 
 
  
Sample  System Powders Firing  Dwell Printing  Sintering  SEM EDS XRD FIB IE/SIMS ICP DTA R Cat. TI 
ID   Temp.   Substrate Substrate           
8 LSM P 1300 120 silicone paper E-less Pt Al2O3 O O O        
9 LSM P 1300 120 Pt-Al2O3 Pt-Al2O3 O O O        
10 LSC P 1300 120 silicone paper Al2O3 O O O O       
11 LSM P 1300 180 silicone paper E-less Pt Al2O3  O O O O      
12 LSM P 1300 180 E-less Pt Al2O4 E-less Pt Al2O3  O         
13 LSM P 1350 180 silicone paper YSZ O O O        
14 LSM P 1350 120 silicone paper YSZ O O O        
15 LSC O 1200 60 silicone paper E-less Pt Al2O3 O  O O  O     
16 LSC O 1250 60 silicone paper E-less Pt Al2O3 O  O O  O     
17 LSC O 1300 60 silicone paper coarse ZrO2 O O O O  O     
18 LSC O 1250 120 silicone paper E-less Pt Al2O3 O O O O  O     
60 LSC O 1250 180 coarse YSZ      O MS O     
61 LSC O 1250 240 coarse YSZ      O MS O     
62 LSC O 1250 360 coarse YSZ      O MS O     
63-73 LSCF O 1250 120 coarse YSZ    O O  O O    
74-84 LSCF  O 1300 120 coarse YSZ    O O  O O    
178-243 LSCMF O 1250 60 coarse YSZ    O    O  O  
 Table A3 : Summary of the production properties of, and experimental tests carried out onto, the LUSI second sets. 
Powders (P = Perovskite Powders;  O= Oxides/carbonates Powders) 
Experiments = SEM: Scanning Electron Microscopy; EDS: Energy Dispersive Spectrometry; XRD: X’ray Diffraction; FIB: Focus Ion Beam;  
IE/SIMS: Isotope Exchange followed by Second Ion Mass Spectrometry analysis; ICP-MS: Inudctively Coupled Plasma-Mass Spectrmetry; DTA: Differential 
Thermogravimetry Analysis;  R: Raman Scattering; Cat.: Catalysis Rig; TI: Thermal Imaging 
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Appendix B Oxygen Ion Diffusion and Surface Exchange Coefficients Database 
Texp = Experimental Temperature (
o
C) ; D* = Tracer diffusion coefficients (cm
2
s
-1
) ; k = surface exchange coefficients (cms
-1
) 
 
 Material Name Class Technique Texp D* D* k k Ref. 
2 Ce0.94Sm0.03Y0.03OX Fluorite IE 772 3,21E-07  2,83E-08  [1] 
5 Ce0.94La0.03Yb0.03OX Fluorite IE 772 5,84E-08  5,83E-08  [1] 
7 Ce0.94Gd0.06OX Fluorite IE 784 1,55E-07  3,57E-08  [1] 
9 La0.6Sr0.4Fe0.8Ni0.2O3-δ Perovskite IE 700 2,00E-09  1,00E-07  [2] 
10 La0.6Sr0.4Co0.2Fe0.8O3  Perovskite IE 700 2,00E-09  9,00E-07  [3] 
11 La2NiO4.08 K2NiF4 IE 700 5,00E-08  7,00E-08  [4] 
12 Pr2NiO4.08 K2NiF4 IE 700 2,00E-07  5,00E-07  [4] 
13 Nd2NiO4.08 K2NiF4 IE 700 3,00E-08  7,00E-07  [4] 
14 La2Cu0.5Ni0.5O4.03  Perovskite IE 700 9,00E-08  6,50E-07  [4] 
15 La0.2Ni0.8Co0.2O4+d K2NiF4 IE 725 3,50E-08  2,00E-06  [4] 
16 La1-xSrxMn1-yO3+/-d Perovskite IE 700 1,00E-13  2,00E-09  [5] 
17 Sm0.6Sr0.4CoO3 Perovskite IE 704 4,80E-08  6,10E-06  [6] 
18 Sm0.5Sr0.5CoO3 Perovskite IE 704 1,60E-07  1,30E-05  [6] 
19 Sm0.4Sr0.6CoO3 Perovskite IE 704 1,80E-07  2,10E-05  [6] 
20 La0.3Sr0.7CoO3-delta Perovskite IE 800 1,47E-06  2,76E-05  [7] 
21 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 800 4,18E-08  5,51E-06  [8] 
22 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 726 9,38E-09  1,70E-06  [8] 
23 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 654 1,90E-09  4,59E-07  [8] 
24 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 581 5,50E-10  1,08E-07  [8] 
25 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 500 4,90E-11  1,55E-08  [8] 
26 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 798 5,57E-08  4,92E-06  [8] 
27 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 724 1,46E-08  1,87E-06  [8] 
28 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 651 3,72E-09  6,78E-07  [8] 
29 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 567 7,11E-10  7,60E-08  [8] 
30 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 501 5,77E-11  1,07E-08  [8] 
34 La0.95Sr0.05Ga0.95Mg0.05O2.95 Perovskite IE 636 2,29E-08  5,37E-09  [9] 
35 La0.95Sr0.05Ga0.95Mg0.05O2.95 Perovskite IE 727 7,96E-08  1,38E-07  [9] 
36 La0.95Sr0.05Ga0.95Mg0.05O2.95 Perovskite IE 838 1,57E-07  1,58E-07  [9] 
38 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 799   1,00E-05  [3] 
39 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 725   1,62E-06  [3] 
40 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 651   3,07E-07  [3] 
41 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 575   6,29E-08  [3] 
42 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 498   2,32E-08  [3] 
78  Bi2.02V0.98O5.35 BIBIVOX 02 # IE 509 3,00E-08  2,40E-07  [10] 
79  Bi2.02V0.98O5.35 BIBIVOX 02 # IE 605 3,00E-07  2,30E-07  [10] 
80  Bi2.02V0.98O5.35 BIBIVOX 02 # IE 649 5,00E-07  2,30E-07  [10] 
81  Bi2.02V0.98O5.35 BIBIVOX 02 # IE 703 6,00E-07  2,20E-07  [10] 
82  Bi2.02V0.98O5.35 BIBIVOX 02 # IE 700 6,00E-07  1,80E-07  [10] 
83 Bi2V0.9Cu0.1O5.35 BICUVOX 10 # IE 700 4,00E-07  1,40E-07  [10] 
84 Bi2V0.9Co0.1O5.35 BICOVOX 10 # IE 700 3,00E-07  2,40E-07  [10] 
90 La2NiO4+d K2NiF4 IE 640 2,71E-08  1,81E-07  [11] 
91 La2NiO4+d K2NiF4 IE 703 3,38E-08  1,75E-07  [11] 
92 La2NiO4+d K2NiF4 IE 740 6,46E-08  5,36E-07  [11] 
93 La2NiO4+d K2NiF4 IE 799 1,71E-07  2,55E-06  [11] 
94 La2NiO4+d K2NiF4 IE 842 1,39E-07  3,18E-06  [11] 
95 La1.9Sr0.1NiO4+d K2NiF4 IE 640 6,08E-09  7,13E-08  [11] 
96 La1.9Sr0.1NiO4+d K2NiF4 IE 703 1,00E-08  1,74E-07  [11] 
97 La1.9Sr0.1NiO4+d K2NiF4 IE 740 1,38E-08  6,85E-07  [11] 
98 La1.9Sr0.1NiO4+d K2NiF4 IE 799 1,33E-08  6,46E-07  [11] 
99 La0.6Sr0.4Co0.98Ni0.02O3 Perovskite IE 394 5,20E-12  3,70E-09  [12] 
100 La0.6Sr0.4Co0.98Ni0.02O3 Perovskite IE 469 3,90E-11  3,50E-08  [12] 
101 La0.6Sr0.4Co0.98Ni0.02O3 Perovskite IE 589 5,60E-10  5,70E-08  [12] 
102 La0.6Sr0.4Co0.98Ni0.02O3 Perovskite IE 698 1,20E-08  8,50E-07  [12] 
103 La0.8Sr0.2MnO3±d Perovskite IE 1000 8,36E-13  4,45E-08  [13] 
104 La0.8Sr0.2Mn0.8Co0.2O3±d Perovskite IE 1000 2,97E-12  4,45E-08  [13] 
105 La0.8Sr0.2Mn0.7Co0.3O3±d Perovskite IE 1000 8,07E-12  1,17E-07  [13] 
106 La0.8Sr0.2Mn0.5Co0.5O3±d Perovskite IE 1000 5,86E-11  2,10E-06  [13] 
107 La0.8Sr0.2CoO3±d Perovskite IE 1000 5,24E-08  4,89E-06  [13] 
108 La0.5Sr0.5MnO3±d Perovskite IE 1000 2,05E-11  7,61E-07  [13] 
109 La0.5Sr0.5Mn0.8Co0.2O3±d Perovskite IE 1000 5,56E-11  1,25E-07  [13] 
110 La0.5Sr0.5CoO3±d Perovskite IE 1000 6,61E-07  5,01E-05  [13] 
113 LaMnO3±d Perovskite IE 706 7,30E-16 1,00E-17 2,30E-09 1,00E-10 [14] 
114 LaMnO3±d Perovskite IE 801 1,30E-14 2,00E-15 1,20E-08 3,00E-09 [14] 
115 LaMnO3±d Perovskite IE 897 2,00E-13 3,00E-14 7,70E-08 1,60E-08 [14] 
116 LaMnO3±d Perovskite IE 978 1,90E-12 3,00E-13 1,50E-07 3,00E-08 [14] 
117 La0.9MnO3±d Perovskite IE 706 8,70E-16 3,40E-16 2,60E-09 5,00E-10 [14] 
118 La0.9MnO3±d Perovskite IE 796 7,70E-15 2,20E-15 9,20E-09 1,60E-09 [14] 
119 La0.9MnO3±d Perovskite IE 896 1,20E-12 1,00E-13 4,80E-08 3,00E-09 [14] 
120 La0.6Sr0.4Co0.2Fe0.8O3 Perovskite IE 700 2,50E-09  1,10E-06  [15] 
121 La0.6Sr0.4Co0.2Fe0.8O3 + Low Pd Perovskite IE 700 2,20E-09  2,30E-07  [15] 
122 La0.6Sr0.4Co0.2Fe0.8O3 + Medium Pd Perovskite IE 700 1,70E-09  8,90E-08  [15] 
123 La0.6Sr0.4Co0.2Fe0.8O3 + High Pd Perovskite IE 700 1,30E-09  3,60E-08  [15] 
124 LSGM 9182 Perovskite IE 800 3,24E-07    [16] 
125 LSGM 8282 Perovskite IE 800 4,13E-07    [16] 
126 Zr0.81Y0.19O2 Fluorite IE 800 6,20E-08    [17] 
127 Ce0.9Gd0.1O2 Fluorite IE 800 2,70E-08    [17] 
128 Zr0.85Ca0.15O2 Fluorite IE 800 1,87E-08    [18] 
129 Zr0.858Ca0.142O2 Fluorite IE 800 7,54E-09    [19] 
130 SrCe0.95Yb0.05O2.975 Perovskite IE 607 6,60E-11  1,70E-08  [20] 
133 La0.9Sr0.1YO3-d Perovskite IE 384 1,94E-15  1,84E-11  [20] 
134 La0.9Sr0.1YO3-d Perovskite IE 440 1,01E-14  1,05E-09  [20] 
135 La0.9Sr0.1YO3-d Perovskite IE 491 1,14E-13  1,12E-09  [20] 
136 La0.9Sr0.1YO3-d Perovskite IE 568 2,39E-13  1,36E-09  [20] 
148 Ce0.9Gd0.1O2-x / La1-xSrxFeyCo1-yO3-delta Fluorite IE 486 1,34E-10  4,77E-08  [21] 
149 Ce0.9Gd0.1O2-x Fluorite IE 486 4,95E-10  3,23E-10  [21] 
150 La0.9Sr0.1CoO3±d Perovskite IE 400 4,75E-17    [22] 
151 La0.9Sr0.1CoO3±d Perovskite IE 400 2,98E-17    [22] 
152 La0.9Sr0.1CoO3±d Perovskite IE 400 6,00E-17    [22] 
153 La0.9Sr0.1CoO3±d Perovskite IE 400 6,73E-17    [22] 
154 La0.9Sr0.1CoO3±d Perovskite IE 400 6,70E-17    [22] 
156 La0.9Sr0.1CoO3±d Perovskite IE 500 1,58E-14    [22] 
158 La0.9Sr0.1CoO3±d Perovskite IE 500 1,09E-14    [22] 
159 La0.9Sr0.1CoO3±d Perovskite IE 500 9,40E-15    [22] 
160 La0.9Sr0.1CoO3±d Perovskite IE 600 5,91E-13    [22] 
161 La0.9Sr0.1CoO3±d Perovskite IE 600 9,52E-13    [22] 
162 La0.8Sr0.2CoO3±d Perovskite IE 500 1,65E-13 3,00E-14   [22] 
163 Hg0.75Re0.25Ba2Ca2Cu3Ox # IE 450 2,30E-14    [23] 
164 Hg0.75Re0.25Ba2Ca2Cu3Ox # IE 450 2,60E-15    [23] 
165 Hg0.75Re0.25Ba2Ca2Cu3Ox # IE 450 5,00E-15    [23] 
171 La2Cu0.5Ni0.5O4+d K2NiF4 IE 500 2,20E-09  1,00E-08  [24] 
172 La2Cu0.5Ni0.5O4+d K2NiF4 IE 600 1,60E-08  9,80E-08  [24] 
173 La2Cu0.5Ni0.5O4+d K2NiF4 IE 700 7,50E-08  5,00E-07  [24] 
174 La2Cu0.5Ni0.5O4+d K2NiF4 IE 800 3,60E-07  2,00E-06  [24] 
175 La2Cu0.5Ni0.5O4+d K2NiF4 IE 900 1,00E-06  6,20E-06  [25] 
176 La2Ni0.50Cu0.50O4+d K2NiF4 IE 500 4,54E-09  6,07E-07  [4] 
177 La2Ni0.50Cu0.50O4+d K2NiF4 IE 500 4,28E-09  6,32E-07  [4] 
178 Nd2NiO4+d K2NiF4 IE 520 3,00E-09  1,00E-07  [26] 
179 Nd2NiO4+d K2NiF4 IE 615 1,50E-08  2,00E-07  [26] 
180 Nd2NiO4+d K2NiF4 IE 725 5,00E-08  3,00E-07  [26] 
181 Nd2NiO4+d K2NiF4 IE 808 1,50E-07  8,00E-07  [26] 
182 BICOVOX 10 # IE 600 5,30E-08  2,50E-08  [26] 
183 BICOVOX 10 # IE 600 8,70E-08  2,10E-08  [26] 
184 BICOVOX 10 # IE 600 4,80E-08  2,40E-08  [26] 
185 BICOVOX 10 # IE 600 7,50E-08  2,00E-08  [26] 
186 BICUVOX 10 # IE 600 1,30E-07  3,60E-08  [26] 
187 BICUVOX 10 # IE 600 1,70E-07  2,80E-08  [26] 
188 BICUVOX 10 # IE 600 1,10E-07  5,10E-08  [26] 
189 BICUVOX 10 # IE 600 1,70E-07  3,50E-08  [26] 
190 BE25 # IE 500   3,00E-08  [27] 
191 BE20 # IE 600   5,60E-10  [27] 
192 BE21 # IE 700   1,00E-09  [27] 
193 YSZ Fluorite IE 700   6,00E-09  [28] 
194 YSZ-Fe Fluorite IE 700   3,40E-09  [28] 
195 YSZ Fluorite IE 760   5,40E-09  [29] 
196 YSZ-Fe Fluorite IE 760   7,00E-07  [29] 
197 YSZ Fluorite IE 1050   1,50E-08  [30] 
198 BICUVOX 10 # IE 708 7,35E-07  1,15E-08  [10] 
199 BICOVOX 10 # IE 700 2,10E-07  5,00E-09  [10] 
200 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 854 7,40E-08  2,40E-05  [3] 
201 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 388 7,00E-14    [3] 
202 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 430 7,00E-13    [3] 
203 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 502 4,00E-12    [3] 
204 BICOVOX.10; Bi4V2(1-x)Co2xO11 3x. # IE 600 5,30E-08  2,50E-08  [31] 
205 BICOVOX.10; Bi4V2(1-x)Co2xO11 3x. # IE 600 8,70E-08  2,00E-08  [31] 
206 BICOVOX.10; Bi4V2(1-x)Co2xO11 3x. # IE 600 4,80E-08  2,40E-08  [31] 
207 BICOVOX.10; Bi4V2(1-x)Co2xO11 3x. # IE 600 7,50E-08  2,10E-08  [31] 
208 La2NiO4 + d K2NiF4 IE 600 1,00E-08  1,00E-06  [31] 
209 (La0.8Sr0.2)FeO3 Perovskite IE 800 1,50E-09  2,00E-07  [31] 
210 Digitise Data  IE       
211 YSZ Fluorite IE 1003 2,05E-07    [32] 
212 YSZ Fluorite IE 896 1,71E-07    [32] 
213 YSZ Fluorite IE 798 1,06E-07    [32] 
214 YSZ-30%LSM Composite IE 978 3,93E-08    [32] 
215 YSZ-30%LSM Composite IE 879 1,12E-08    [32] 
216 YSZ-30%LSM Composite IE 807 5,71E-09    [32] 
217 YSZ-40%LSM Composite IE 1002 2,11E-08    [32] 
218 YSZ-40%LSM Composite IE 906 7,31E-09    [32] 
219 YSZ-40%LSM Composite IE 799 2,16E-09    [32] 
220 LSM Perovskite IE 981 4,83E-13    [32] 
221 LSM Perovskite IE 895 5,53E-14    [32] 
222 LSM Perovskite IE 799 5,40E-15    [32] 
223 LSM Perovskite IE 1027 5,37E-06  5,39E-07  [32] 
224 Ce0.9Gd0.1OX Fluorite IE 912 1,77E-06  1,85E-07  [17] 
225 Ce0.9Gd0.1OX Fluorite IE 972 8,28E-07  1,45E-07  [17] 
226 Ce0.9Gd0.1OX Fluorite IE 887 3,36E-08  9,19E-08  [17] 
227 Ce0.9Gd0.1OX Fluorite IE 789 2,63E-09  2,67E-08  [17] 
228 Ce0.9Gd0.1OX Fluorite IE 560 5,58E-10  8,04E-09  [17] 
229 Ce0.9Gd0.1OX Fluorite IE 487 2,88E-10  4,81E-10  [17] 
230 Ce0.94La0.03Yb0.03OX Fluorite IE 772 5,95E-08  5,95E-08  [1] 
231 Ce0.94Gd0.06OX Fluorite IE 782 1,53E-07  3,64E-08  [1] 
232 Ce0.94Sm0.03Y0.03OX Fluorite IE 770 3,33E-07  2,84E-08  [1] 
233 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 800 1,85E-08    [3] 
234 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 725 5,26E-09  1,56E-06  [3] 
235 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 649 8,83E-10  3,04E-07  [3] 
236 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 575 9,66E-11  6,23E-08  [3] 
237 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 502 4,51E-12  2,45E-08  [3] 
238 Ce0.9Gd0.1OX Fluorite IE 797 5,44E-08    [17] 
239 Ce0.9Gd0.1OX Fluorite IE 722 2,55E-08    [17] 
240 Ce0.9Gd0.1OX Fluorite IE 654 1,23E-08    [17] 
241 Ce0.9Gd0.1OX Fluorite IE 577 3,95E-09    [17] 
242 Ce0.9Gd0.1OX Fluorite IE 500 1,27E-09    [17] 
243 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 800 4,24E-08  5,63E-06  [8] 
244 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 726 9,14E-09  1,77E-06  [8] 
245 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 654 1,97E-09  4,78E-07  [8] 
246 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 581 5,45E-10  1,11E-07  [8] 
247 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 500 2,14E-10  1,52E-08  [8] 
248 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Composite IE 501 5,26E-11    [8] 
249 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 853   2,46E-05  [8] 
250 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 796   1,01E-05  [8] 
251 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 759   3,64E-06  [8] 
252 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 703   9,51E-07  [8] 
253 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 659   6,38E-07  [8] 
254 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 598   9,62E-08  [8] 
255 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 503   2,51E-08  [8] 
256 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 456   1,42E-08  [8] 
257 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 430   1,74E-08  [8] 
258 La0.6Sr0.4Co0.2Fe0.8O3-d   Perovskite IE 388   4,55E-09  [8] 
464 Ce0.8Gd0.2O2−δ Fluorite IE  1,01E-07  2,39E-08  [33] 
465 (CGO)-10%Co3O4 Fluorite IE  1,11E-07  1,01E-07  [33] 
466 (CGO)-20%Co3O4 Fluorite IE  1,73E-07  1,72E-07  [33] 
764 La2Ni0.5Co0.5O4+d K2NiF4 IE 787 9,46E-08  1,31E-06  [34] 
765 La2Ni0.5Co0.5O4+d K2NiF4 IE 725 5,85E-08  1,31E-06  [34] 
766 La2Ni0.5Co0.5O4+d K2NiF4 IE 642 2,56E-08  8,14E-07  [34] 
767 La2Ni0.5Co0.5O4+d K2NiF4 IE 561 1,06E-08  6,50E-07  [34] 
768 La2Ni0.5Co0.5O4+d K2NiF4 IE 503 4,87E-09  4,46E-07  [34] 
769 La2Ni0.8Co0.2O4+d K2NiF4 IE 795 5,34E-08  2,45E-06  [34] 
770 La2Ni0.8Co0.2O4+d K2NiF4 IE 716 2,65E-08  6,83E-07  [34] 
771 La2Ni0.8Co0.2O4+d K2NiF4 IE 643 1,48E-08  5,31E-07  [34] 
772 La2Ni0.8Co0.2O4+d K2NiF4 IE 563 6,90E-09    [34] 
773 La2Ni0.8Co0.2O4+d K2NiF4 IE 505 3,01E-09  6,03E-07  [34] 
774 La2Ni0.8Co0.2O4+d K2NiF4 IE 449 2,18E-09  2,63E-07  [34] 
775 La2Ni0.9Co0.1O4+d K2NiF4 IE 786 6,83E-08  2,33E-06  [34] 
776 La2Ni0.9Co0.1O4+d K2NiF4 IE 714 4,02E-08  1,41E-06  [34] 
777 La2Ni0.9Co0.1O4+d K2NiF4 IE 639 1,69E-08  6,33E-07  [34] 
778 La2Ni0.9Co0.1O4+d K2NiF4 IE 565 1,03E-08    [34] 
779 La2Ni0.9Co0.1O4+d K2NiF4 IE 506 3,75E-09  2,70E-07  [34] 
780 La2NiO4+d K2NiF4 IE 785 5,55E-08  6,18E-07  [34] 
781 La2NiO4+d K2NiF4 IE 711 3,10E-08  2,32E-07  [34] 
782 La2NiO4+d K2NiF4 IE 639 1,89E-08  6,15E-08  [34] 
783 La2NiO4+d K2NiF4 IE 564 8,16E-09  1,51E-08  [34] 
784 La2NiO4+d K2NiF4 IE 502 4,87E-09  3,11E-09  [34] 
785 La2NiO4+d K2NiF4 IE 449 3,14E-09  1,06E-09  [34] 
824 Ce0.9Gd0.1O1.95+d Fluorite IE 1058 4,94E-07  5,10E-06  [17] 
825 Ce0.9Gd0.1O1.95+d Fluorite IE 996 1,35E-07  8,01E-07  [17] 
826 Ce0.9Gd0.1O1.95+d Fluorite IE 931 1,82E-07  1,75E-06  [17] 
827 Ce0.9Gd0.1O1.95+d Fluorite IE 908 8,68E-08  3,44E-08  [17] 
828 Ce0.9Gd0.1O1.95+d Fluorite IE 806 2,66E-08  2,82E-09  [17] 
829 Ce0.9Gd0.1O1.95+d Fluorite IE 566 8,45E-09  6,06E-10  [17] 
830 Ce0.9Gd0.1O1.95+d Fluorite IE 490 4,89E-10  3,08E-10  [17] 
831 YDC Fluorite IE 700   1,17E-07  [35] 
832 YDC Fluorite IE 700   8,86E-08  [35] 
833 YDC Fluorite IE 700   1,92E-08  [35] 
834 YDC Fluorite IE 700   1,44E-08  [35] 
835 YDC Fluorite IE 700   2,03E-09  [35] 
836 YSZ Fluorite IE 700   5,35E-08  [35] 
837 YSZ Fluorite IE 700   1,05E-08  [35] 
838 Ce0.9Gd0.1O1.95+d Fluorite IE 801 1,03E-07  1,64E-08  [17] 
839 Ce0.9Gd0.1O1.95+d Fluorite IE 801 1,20E-07  2,13E-08  [17] 
840 Ce0.9Gd0.1O1.95+d Fluorite IE 801 1,18E-07  3,35E-08  [17] 
841 Ce0.9Gd0.1O1.95+d Fluorite IE 801 1,15E-07  3,38E-08  [17] 
842 Ce0.9Gd0.1O1.95+d Fluorite IE 801 1,02E-07  4,41E-08  [17] 
843 La2NiO4+d K2NiF4 IE 842 1,42E-07  3,18E-06  [11] 
844 La2NiO4+d K2NiF4 IE 799 1,73E-07  2,63E-06  [11] 
845 La2NiO4+d K2NiF4 IE 740 7,44E-08  2,84E-07  [11] 
846 La2NiO4+d K2NiF4 IE 703 3,81E-08    [11] 
847 La2NiO4+d K2NiF4 IE 640 2,65E-08  8,27E-08  [11] 
848 La1.9Sr0.1NiO4+d K2NiF4 IE 800 1,37E-08  6,49E-07  [11] 
850 La1.9Sr0.1NiO4+d K2NiF4 IE 740 1,42E-08  7,05E-07  [11] 
851 La1.9Sr0.1NiO4+d K2NiF4 IE 703 1,00E-08  1,71E-07  [11] 
852 La1.9Sr0.1NiO4+d K2NiF4 IE 640 6,09E-09  7,27E-08  [11] 
853 La0.7Sr0.3CoO3+d Perovskite IE 881 2,74E-06    [7] 
854 La0.7Sr0.3CoO3+d Perovskite IE 793 1,72E-06    [7] 
855 La0.7Sr0.3CoO3+d Perovskite IE 738 1,31E-06    [7] 
856 La0.7Sr0.3CoO3+d Perovskite IE 694 8,61E-07    [7] 
857 La0.9Sr0.1Ga0.9Mg0.1O3+d Perovskite IE 897 8,72E-07    [36] 
858 La0.9Sr0.1Ga0.9Mg0.1O3+d Perovskite IE 796 3,33E-07    [36] 
859 La0.9Sr0.1Ga0.9Mg0.1O3+d Perovskite IE 688 1,14E-07    [36] 
860 La0.9Sr0.1Ga0.9Mg0.1O3+d Perovskite IE 651 1,56E-07    [36] 
861 La0.9Sr0.1Ga0.9Mg0.1O3+d Perovskite IE 548 2,74E-08    [36] 
862 La2NiO4+d K2NiF4 IE 842 1,28E-07    [11] 
863 La2NiO4+d K2NiF4 IE 799 1,67E-07    [11] 
864 La2NiO4+d K2NiF4 IE 740 7,25E-08    [11] 
865 La2NiO4+d K2NiF4 IE 703 3,79E-08    [11] 
866 La2NiO4+d K2NiF4 IE 640 2,54E-08    [11] 
867 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 849 7,77E-08    [37] 
868 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 756 1,52E-08    [37] 
869 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 663 1,47E-09    [37] 
870 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 593 2,20E-10    [37] 
871 La0.6Sr0.4Co0.98Ni0.02O3+d Perovskite IE 699 1,21E-08  8,53E-07  [12] 
872 La0.6Sr0.4Co0.98Ni0.02O3+d Perovskite IE 590 5,67E-10  5,86E-08  [12] 
873 La0.6Sr0.4Co0.98Ni0.02O3+d Perovskite IE 469 4,03E-11  3,55E-08  [12] 
874 La0.6Sr0.4Co0.98Ni0.02O3+d Perovskite IE 394 5,25E-12  3,81E-09  [12] 
875 La0.5Sr0.5CoO3±d Perovskite IE 897 1,95E-07    [5] 
876 La0.5Sr0.5CoO3±d Perovskite IE 808 6,47E-08    [5] 
877 La0.5Sr0.5CoO3±d Perovskite IE 706 1,26E-08    [5] 
878 La0.5Sr0.5CoO3±d Perovskite IE 589 2,54E-09    [5] 
879 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 854 7,46E-08    [3] 
880 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 763 1,51E-08    [3] 
881 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 662 1,44E-09    [3] 
882 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 598 2,19E-10    [3] 
883 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 502 4,70E-12    [3] 
884 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 431 6,64E-13    [3] 
885 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 799 3,53E-08    [3] 
886 La0.6Sr0.4Fe0.8Co0.2O3+d Perovskite IE 400 4,79E-14    [3] 
887 La0.7Sr0.3CoO3+d Perovskite IE 896 2,78E-06    [7] 
888 La0.7Sr0.3CoO3+d Perovskite IE 800 1,64E-06    [7] 
889 La0.7Sr0.3CoO3+d Perovskite IE 701 1,34E-06    [7] 
890 La0.7Sr0.3CoO3+d Perovskite IE 701 8,55E-07    [7] 
891 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 908 6,37E-07    [16] 
892 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 799 4,08E-07    [16] 
893 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 692 1,10E-07    [16] 
894 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 549 2,67E-08    [16] 
895 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 502 4,37E-09    [16] 
896 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE 899 8,51E-07    [16] 
897 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE 799 3,88E-07    [16] 
898 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE 654 1,51E-07    [16] 
899 Ce0.9Gd0.1O2+d Fluorite IE 1035 5,02E-07    [38] 
900 Ce0.9Gd0.1O2+d Fluorite IE 920 1,95E-07    [38] 
901 Ce0.9Gd0.1O2+d Fluorite IE 890 8,65E-08    [38] 
902 Ce0.9Gd0.1O2+d Fluorite IE 974 8,86E-08    [38] 
903 Ce0.9Gd0.1O2+d Fluorite IE 791 2,95E-08    [38] 
904 Ce0.9Gd0.1O2+d Fluorite IE 559 8,41E-09    [38] 
905 Ce0.9Gd0.1O2+d Fluorite IE 485 4,93E-10    [38] 
906 Zr0.83Y0.19O2+d Fluorite IE 1100 6,35E-07    [39] 
907 Zr0.83Y0.19O2+d Fluorite IE 1004 2,82E-07    [39] 
908 Zr0.83Y0.19O2+d Fluorite IE 937 1,62E-07    [39] 
909 Zr0.83Y0.19O2+d Fluorite IE 907 1,15E-07    [39] 
910 Zr0.83Y0.19O2+d Fluorite IE 850 8,21E-08    [39] 
911 Zr0.83Y0.19O2+d Fluorite IE 799 6,00E-08    [39] 
912 Zr0.83Y0.19O2+d Fluorite IE 697 3,55E-08    [39] 
913 Zr0.83Y0.19O2+d Fluorite IE 645 4,46E-09    [39] 
914 Zr0.83Y0.19O2+d Fluorite IE 601 2,26E-09    [39] 
915 Zr0.83Y0.19O2+d Fluorite IE 550 1,11E-09    [39] 
916 Zr0.83Y0.19O2+d Fluorite IE 505 4,44E-10    [39] 
917 Zr0.83Y0.19O2+d Fluorite IE 455 2,37E-10    [39] 
918 La0.8Sr0.2CoO3±d Perovskite IE 1005 6,95E-08  7,21E-06  [13] 
919 La0.8Sr0.2CoO3±d Perovskite IE 901 9,70E-09  2,08E-06  [13] 
920 La0.8Sr0.2CoO3±d Perovskite IE 804 8,02E-10  3,05E-07  [13] 
921 La0.8Sr0.2CoO3±d Perovskite IE 702 1,19E-10  2,35E-07  [13] 
922 La0.8Sr0.2CoO3±d Perovskite IE 594 7,40E-12  1,44E-08  [13] 
923 La0.8Sr0.2Mn0.5Co0.5O3±d Perovskite IE 902 4,75E-12  1,21E-07  [13] 
924 La0.8Sr0.2Mn0.5Co0.5O3±d Perovskite IE 803 6,64E-13  3,61E-08  [13] 
925 La0.8Sr0.2Mn0.5Co0.5O3±d Perovskite IE 698 2,74E-14  2,99E-09  [13] 
926 La0.8Sr0.2Mn0.5Co0.5O3±d Perovskite IE 599 4,22E-16  8,97E-10  [13] 
927 La0.8Sr0.2Mn0.7Co0.3O3±d Perovskite IE 1001 7,52E-12  9,13E-08  [13] 
928 La0.8Sr0.2Mn0.7Co0.3O3±d Perovskite IE 902 8,79E-13  2,82E-08  [13] 
929 La0.8Sr0.2Mn0.7Co0.3O3±d Perovskite IE 805 6,87E-14  1,90E-08  [13] 
930 La0.8Sr0.2Mn0.7Co0.3O3±d Perovskite IE 698 9,38E-16  7,71E-10  [13] 
931 La0.8Sr0.2Mn0.7Co0.3O3±d Perovskite IE 599 1,04E-16  5,05E-11  [13] 
932 La0.8Sr0.2MnO3±d Perovskite IE 1004 6,92E-13  1,24E-07  [13] 
933 La0.8Sr0.2MnO3±d Perovskite IE 906 1,83E-13  7,52E-09  [13] 
934 La0.8Sr0.2MnO3±d Perovskite IE 800 5,31E-15  5,80E-09  [13] 
935 La0.8Sr0.2MnO3±d Perovskite IE 696 3,11E-16  1,16E-09  [13] 
936 La0.8Sr0.2Mn0.8Co0.2O3±d Perovskite IE 695 1,22E-16  2,13E-10  [13] 
937 La0.8Sr0.2Mn0.8Co0.2O3±d Perovskite IE 805 9,51E-15  5,24E-09  [13] 
938 La0.8Sr0.2Mn0.8Co0.2O3±d Perovskite IE 902 3,90E-13  1,38E-08  [13] 
939 La0.8Sr0.2Mn0.8Co0.2O3±d Perovskite IE 1006 1,47E-12  1,01E-07  [13] 
940 La0.5Sr0.5CoO3±d Perovskite IE 902 2,28E-07    [13] 
941 La0.5Sr0.5CoO3±d Perovskite IE 803 6,98E-08  1,21E-05  [13] 
942 La0.5Sr0.5CoO3±d Perovskite IE 703 1,41E-08  3,89E-06  [13] 
943 La0.5Sr0.5CoO3±d Perovskite IE 597 1,89E-09  1,64E-06  [13] 
944 La0.5Sr0.5Mn0.8Co0.2O3±d Perovskite IE 904 1,99E-11  8,72E-08  [13] 
945 La0.5Sr0.5Mn0.8Co0.2O3±d Perovskite IE 813 4,00E-13  1,36E-08  [13] 
946 La0.5Sr0.5Mn0.8Co0.2O3±d Perovskite IE 701 1,22E-14  2,75E-08  [13] 
947 La0.5Sr0.5Mn0.8Co0.2O3±d Perovskite IE 602 8,02E-16  1,37E-09  [13] 
948 La0.5Sr0.5MnO3±d Perovskite IE 1006 1,87E-11  1,23E-06  [13] 
949 La0.5Sr0.5MnO3±d Perovskite IE 897 8,13E-13  5,16E-08  [13] 
950 La0.5Sr0.5MnO3±d Perovskite IE 805 7,14E-15  2,29E-09  [13] 
951 La0.5Sr0.5MnO3±d Perovskite IE 700 1,53E-15  2,67E-09  [13] 
952 La0.8Sr0.2MnO3±d Perovskite IE 999 8,17E-13  9,96E-08  [13] 
953 La0.8Sr0.2MnO3±d Perovskite IE 898 1,57E-13  7,87E-09  [13] 
954 La0.8Sr0.2MnO3±d Perovskite IE 800 4,79E-15  5,04E-09  [13] 
955 La0.8Sr0.2MnO3±d Perovskite IE 698 3,03E-16  1,54E-09  [13] 
956 La0.5Sr0.5MnO3±d Perovskite IE 1000 2,01E-11  1,27E-06  [13] 
957 La0.5Sr0.5MnO3±d Perovskite IE 899 9,86E-13  6,65E-08  [13] 
958 La0.5Sr0.5MnO3±d Perovskite IE 801 8,75E-15  3,19E-09  [13] 
959 La0.5Sr0.5MnO3±d Perovskite IE 698 1,63E-15  2,49E-09  [13] 
960 La0.9MnO3±d Perovskite IE 977 2,05E-12  1,54E-07  [14] 
961 La0.9MnO3±d Perovskite IE 897 2,09E-13  7,58E-08  [14] 
962 La0.9MnO3±d Perovskite IE 801 1,28E-14  1,18E-08  [14] 
963 La0.9MnO3±d Perovskite IE 707 6,92E-16  2,28E-09  [14] 
964 LaMnO3±d Perovskite IE 896 1,18E-13  4,69E-08  [14] 
965 LaMnO3±d Perovskite IE 796 7,71E-15  9,07E-09  [14] 
966 LaMnO3±d Perovskite IE 703 8,65E-16  2,54E-09  [14] 
971 Ce0.69Gd0.31O2+d Fluorite IE 949 5,73E-06  1,00E-04  [40] 
972 Ce0.69Gd0.31O2+d Fluorite IE 855 2,22E-06  2,37E-05  [40] 
973 Ce0.69Gd0.31O2+d Fluorite IE 813 1,21E-06  1,01E-05  [40] 
974 Ce0.69Gd0.31O2+d Fluorite IE 711 6,05E-07  4,08E-07  [40] 
975 Ce0.69Gd0.31O2+d Fluorite IE 640 1,71E-07  6,14E-08  [40] 
976 Ce0.69Gd0.31O2+d Fluorite IE 568 3,02E-08  3,08E-08  [40] 
988 Ce0.69Gd0.31O2+d Fluorite IE 858 1,60E-07  1,80E-08  [40] 
1014 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 905 8,94E-06  6,94E-06  [16] 
1015 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 805 3,20E-06  1,40E-06  [16] 
1016 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 693 1,14E-06  1,15E-07  [16] 
1017 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 654 1,19E-06  1,67E-07  [16] 
1018 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE 551 2,78E-07  4,80E-08  [16] 
1029 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE 900 6,37E-06  1,26E-05  [16] 
1030 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE 800 4,21E-06  2,84E-06  [16] 
1031 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE 654 1,58E-06  3,34E-07  [16] 
1032 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE 502 4,29E-08  6,09E-08  [16] 
1033 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE  3,80E-06  3,94E-07  [16] 
1034 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE  4,93E-06  9,25E-07  [16] 
1035 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE  4,24E-06  1,05E-06  [16] 
1036 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE  3,01E-06  1,09E-06  [16] 
1037 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE  3,24E-06  1,48E-06  [16] 
1038 YBa2Cu3O7+d # IE 792 7,20E-09    [41] 
1039 YBa2Cu3O7+d # IE 745 1,17E-08    [41] 
1040 YBa2Cu3O7+d # IE 706 1,29E-08    [41] 
1041 YBa2Cu3O7+d # IE 598 6,36E-09    [41] 
1042 YBa2Cu3O7+d # IE 599 4,09E-09    [41] 
1043 YBa2Cu3O7+d # IE 549 1,94E-09    [41] 
1044 YBa2Cu3O7+d # IE 499 7,92E-10    [41] 
1045 YBa2Cu3O7+d # IE 451 3,24E-10    [41] 
1046 YBa2Cu3O7+d # IE 449 1,99E-09    [42] 
1047 YBa2Cu3O7+d # IE 400 3,14E-12    [42] 
1048 YBa2Cu3O7+d # IE 451 5,25E-11    [42] 
1049 YBa2Cu3O7+d # IE 448 2,63E-11    [42] 
1050 YBa2Cu3O7+d # IE 300 1,37E-13    [42] 
1051 YBa2Cu3O7+d # IE 302 2,61E-13    [42] 
1052 YBa2Cu3O7+d c axis film # IE 300 1,30E-14    [43] 
1053 YBa2Cu3O7+d c axis film # IE 317 1,53E-13    [43] 
1054 YBa2Cu3O7+d c axis film # IE 451 1,85E-12    [43] 
1055 YBa2Cu3O7+d # IE 650 1,21E-14    [42] 
1056 YBa2Cu3O7+d # IE 549 6,63E-15    [42] 
1057 YBa2Cu3O7+d # IE 554 1,59E-15    [42] 
1058 YBa2Cu3O7+d # IE 552 7,62E-16    [42] 
1059 YBa2Cu3O7+d # IE 452 9,01E-17    [42] 
1060 YBa2Cu3O7+d # IE 450 4,75E-17    [42] 
1061 YBa2Cu3O7+d # IE 430 5,76E-17    [42] 
1062 YBa2Cu3O7+d # IE 430 9,42E-17    [42] 
1063 YBa2Cu3O7+d # IE 430 1,97E-16    [42] 
1064 YBa2Cu3O7+d # IE 434 3,22E-16    [42] 
1065 YBa2Cu3O7+d # IE 433 5,27E-16    [42] 
1066 YBa2Cu3O7+d # IE 432 1,41E-15    [42] 
1067 YBa2Cu3O7+d # IE 432 3,41E-15    [42] 
1068 YBa2Cu3O7+d # IE 791 6,42E-11    [41] 
1069 YBa2Cu3O7+d # IE 402 4,05E-17    [41] 
1080 La0.8Sr0.2CoO3+d Perovskite IE 905 4,10E-08    [44] 
1081 La0.8Sr0.2CoO3+d Perovskite IE 800 2,05E-08    [44] 
1082 La0.8Sr0.2CoO3+d Perovskite IE 699 1,02E-08    [44] 
1083 La0.8Sr0.2CoO3+d Perovskite IE 1004 6,71E-08    [5] 
1084 La0.8Sr0.2CoO3+d Perovskite IE 898 9,80E-09    [5] 
1085 La0.8Sr0.2CoO3+d Perovskite IE 803 8,40E-10    [5] 
1086 La0.8Sr0.2CoO3+d Perovskite IE 703 1,23E-10    [5] 
1087 La0.8Sr0.2CoO3+d Perovskite IE 595 7,28E-12    [5] 
1088 Sm0.8Sr0.2CoO3+d Perovskite IE 803 2,75E-09    [6] 
1089 Sm0.8Sr0.2CoO3+d Perovskite IE 701 2,56E-10    [6] 
1090 Sm0.8Sr0.2CoO3+d Perovskite IE 599 2,93E-11    [6] 
1091 Sm0.8Sr0.2CoO3+d Perovskite IE 510 4,89E-13    [6] 
1092 La0.8Sr0.2CoO3+d Perovskite IE 499 1,69E-13    [22] 
1102 La0.5Sr0.5MnO3+d Perovskite IE 997 1,98E-11    [5] 
1103 La0.5Sr0.5MnO3+d Perovskite IE 895 9,82E-13    [5] 
1104 La0.5Sr0.5MnO3+d Perovskite IE 698 1,43E-15    [5] 
1105 La0.5Sr0.5MnO3+d Perovskite IE 801 7,64E-15    [5] 
1106 La0.5Sr0.5MnO3+d Perovskite IE 899 3,03E-12    [44] 
1107 La0.5Sr0.5MnO3+d Perovskite IE 799 8,17E-14    [44] 
1108 La0.5Sr0.5MnO3+d Perovskite IE 699 2,02E-15    [44] 
1109 La0.8Sr0.2MnO3+d Perovskite IE 1000 7,14E-13    [5] 
1110 La0.8Sr0.2MnO3+d Perovskite IE 902 1,68E-13    [5] 
1111 La0.8Sr0.2MnO3+d Perovskite IE 802 5,56E-15    [5] 
1112 La0.8Sr0.2MnO3+d Perovskite IE 698 3,09E-16    [5] 
1113 La0.65Sr0.35MnO3+d Perovskite IE 898 4,08E-14    [44] 
1114 9.5 mol % YSZ Fluorite IE 1084 7,98E-06  6,08E-07  [17] 
1115 9.5 mol % YSZ Fluorite IE 989 3,28E-06  2,97E-07  [17] 
1116 9.5 mol % YSZ Fluorite IE 929 8,36E-07  1,61E-07  [17] 
1117 9.5 mol % YSZ Fluorite IE 893 4,00E-07  1,14E-07  [17] 
1118 9.5 mol % YSZ Fluorite IE 840 1,19E-07  8,21E-08  [17] 
1119 9.5 mol % YSZ Fluorite IE 794 3,76E-08  6,18E-08  [17] 
1120 9.5 mol % YSZ Fluorite IE 693 5,56E-09  3,58E-08  [17] 
1121 9.5 mol % YSZ Fluorite IE 644 8,62E-10  4,46E-09  [17] 
1122 9.5 mol % YSZ Fluorite IE 600 5,00E-10  2,23E-09  [17] 
1123 9.5 mol % YSZ Fluorite IE 548 2,28E-10  1,06E-09  [17] 
1124 9.5 mol % YSZ Fluorite IE 503 1,83E-10  4,64E-10  [17] 
1125 9.5 mol % YSZ Fluorite IE    2,41E-10  [17] 
1126 YSZ Fluorite IE 1055 1,04E-05    [45] 
1127 YSZ Fluorite IE 904 3,07E-06    [45] 
1128 YSZ Fluorite IE 804 8,17E-07    [45] 
1129 YSZ Fluorite IE 705 5,35E-07    [45] 
1130 YSZ Fluorite IE 601 5,03E-08    [45] 
1131 YSZ Fluorite IE 401 3,11E-10    [45] 
1132 YSZ Fluorite IE 310 1,10E-11    [45] 
1133 YSZ Fluorite IE 1107 4,95E-07    [45] 
1134 YSZ Fluorite IE 1061 2,23E-07    [45] 
1135 YSZ Fluorite IE 1006 3,03E-07    [45] 
1136 YSZ Fluorite IE 903 1,10E-07    [45] 
1137 YSZ Fluorite IE 806 5,88E-08    [45] 
1138 YSZ Fluorite IE 702 3,47E-08    [45] 
1139 YSZ Fluorite IE 602 7,75E-09    [45] 
1140 YSZ Fluorite IE 502 2,53E-09    [45] 
1141 YSZ Fluorite IE 429 4,58E-10    [45] 
1142 YSZ Fluorite IE 327 3,23E-11    [45] 
1143 9.5 mol % YSZ Fluorite IE 1099 6,99E-07    [46] 
1144 9.5 mol % YSZ Fluorite IE 943 1,68E-07    [46] 
1145 9.5 mol % YSZ Fluorite IE 849 8,34E-08    [46] 
1146 9.5 mol % YSZ Fluorite IE 700 3,72E-08    [46] 
1147 9.5 mol % YSZ Fluorite IE 647 4,63E-09    [46] 
1148 9.5 mol % YSZ Fluorite IE 647 4,63E-09    [46] 
1149 9.5 mol % YSZ Fluorite IE 602 2,31E-09    [46] 
1150 9.5 mol % YSZ Fluorite IE 551 1,15E-09    [46] 
1151 9.5 mol % YSZ Fluorite IE 505 4,48E-10    [46] 
1152 9.5 mol % YSZ Fluorite IE 457 2,47E-10    [46] 
1186 9.5 mol % YSZ Fluorite IE 1086 6,52E-07    [46] 
1187 9.5 mol % YSZ Fluorite IE 992 3,10E-07    [46] 
1188 9.5 mol % YSZ Fluorite IE 931 1,71E-07    [46] 
1189 9.5 mol % YSZ Fluorite IE 892 1,19E-07    [46] 
1190 9.5 mol % YSZ Fluorite IE 846 9,12E-08    [46] 
1191 9.5 mol % YSZ Fluorite IE 795 6,34E-08    [46] 
1192 9.5 mol % YSZ Fluorite IE 697 3,77E-08    [46] 
1193 9.5 mol % YSZ Fluorite IE 644 4,56E-09    [46] 
1194 9.5 mol % YSZ Fluorite IE 600 2,25E-09    [46] 
1195 9.5 mol % YSZ Fluorite IE 550 1,15E-09    [46] 
1196 9.5 mol % YSZ Fluorite IE 503 4,69E-10    [46] 
1197 9.5 mol % YSZ Fluorite IE 455 2,49E-10    [46] 
1198 CaZr0.9In0.1O2.95+d Perovskite IE 1004 1,36E-10  1,15E-06  [47] 
1199 CaZr0.9In0.1O2.95+d Perovskite IE 900 3,07E-11  1,43E-07  [47] 
1200 CaZr0.9In0.1O2.95+d Perovskite IE 804 4,02E-12  2,29E-08  [47] 
1201 CaZr0.9In0.1O2.95+d Perovskite IE 701 1,45E-13  7,47E-10  [47] 
1202 CaZr0.9In0.1O2.95+d Perovskite IE 700 9,27E-14  7,47E-10  [47] 
1203 CaZr0.9In0.1O2.95+d Perovskite IE 602 1,22E-14  4,58E-10  [47] 
1204 CaZr0.9In0.1O2.95+d Perovskite IE 602 1,22E-14  2,40E-10  [47] 
1205 CaZr0.9In0.1O2.95+d Perovskite IE 501 2,43E-16  7,87E-12  [47] 
1206 SrCe0.95Yb0.05O2.975+d Perovskite IE 920 3,79E-08  5,02E-06  [47] 
1207 SrCe0.95Yb0.05O2.975+d Perovskite IE 920 2,69E-08  5,02E-06  [47] 
1208 SrCe0.95Yb0.05O2.975+d Perovskite IE 800 1,04E-08  1,62E-06  [47] 
1209 SrCe0.95Yb0.05O2.975+d Perovskite IE 672 4,16E-10  1,09E-07  [47] 
1210 SrCe0.95Yb0.05O2.975+d Perovskite IE 670 3,03E-10  1,09E-07  [47] 
1211 SrCe0.95Yb0.05O2.975+d Perovskite IE 609 7,25E-11  2,68E-08  [47] 
1212 SrCe0.95Yb0.05O2.975+d Perovskite IE 608 7,25E-11  1,90E-08  [47] 
1213 BaCe0.9La0.1O2.95+d Perovskite IE 915 2,43E-08  6,35E-06  [47] 
1214 BaCe0.9La0.1O2.95+d Perovskite IE 813 6,77E-09  1,33E-06  [47] 
1215 BaCe0.9La0.1O2.95+d Perovskite IE 701 3,86E-09  5,59E-06  [47] 
1216 BaCe0.9La0.1O2.95+d Perovskite IE 609 8,10E-10  3,25E-07  [47] 
1217 BaCe0.9La0.1O2.95+d Perovskite IE 500 2,82E-14  1,84E-09  [47] 
1218 CaZr0.9In0.1O2.95+d Perovskite IE 1006 1,55E-10    [47] 
1219 CaZr0.9In0.1O2.95+d Perovskite IE 904 3,28E-11    [47] 
1220 CaZr0.9In0.1O2.95+d Perovskite IE 804 4,13E-12    [47] 
1221 CaZr0.9In0.1O2.95+d Perovskite IE 702 1,22E-13    [47] 
1222 CaZr0.9In0.1O2.95+d Perovskite IE 602 6,37E-15    [47] 
1223 CaZr0.9In0.1O2.95+d Perovskite IE 500 2,44E-16    [47] 
1224 BaCe0.9La0.1O2.95+d Perovskite IE 499 2,12E-14    [47] 
1225 BaCe0.9La0.1O2.95+d Perovskite IE 611 7,96E-10    [47] 
1226 BaCe0.9La0.1O2.95+d Perovskite IE 702 3,75E-09    [47] 
1227 BaCe0.9La0.1O2.95+d Perovskite IE 819 6,26E-09    [47] 
1228 BaCe0.9La0.1O2.95+d Perovskite IE 917 2,40E-08    [47] 
1229 SrCe0.95Yb0.05O2.975+d Perovskite IE 915 5,23E-08    [47] 
1230 SrCe0.95Yb0.05O2.975+d Perovskite IE 800 1,17E-08    [47] 
1231 SrCe0.95Yb0.05O2.975+d Perovskite IE 674 3,83E-10    [47] 
1232 SrCe0.95Yb0.05O2.975+d Perovskite IE 672 2,80E-10    [47] 
1233 SrCe0.95Yb0.05O2.975+d Perovskite IE 609 7,69E-11    [47] 
1234 SrCe0.95Yb0.05O2.975+d Perovskite IE 609 4,82E-11    [47] 
1244 9.5% mol YSZ Fluorite IE 1098 6,47E-07  8,10E-06  [17] 
1245 9.5% mol YSZ Fluorite IE 999 2,98E-07  3,35E-06  [17] 
1246 9.5% mol YSZ Fluorite IE 935 1,74E-07  9,18E-07  [17] 
1247 9.5% mol YSZ Fluorite IE 899 1,13E-07  4,22E-07  [17] 
1248 9.5% mol YSZ Fluorite IE 847 8,56E-08  1,18E-07  [17] 
1249 9.5% mol YSZ Fluorite IE 798 6,20E-08  3,85E-08  [17] 
1250 9.5% mol YSZ Fluorite IE 696 3,71E-08  5,91E-09  [17] 
1251 9.5% mol YSZ Fluorite IE 644 4,67E-09  8,67E-10  [17] 
1252 9.5% mol YSZ Fluorite IE 600 2,30E-09  5,06E-10  [17] 
1253 9.5% mol YSZ Fluorite IE 548 1,08E-09  2,28E-10  [17] 
1254 9.5% mol YSZ Fluorite IE 501 4,57E-10  1,81E-10  [17] 
1255 9.5% mol YSZ Fluorite IE 454 2,40E-10  5,82E-10  [17] 
1256 Ce0.9Gd0.1O2+d Fluorite IE 1029 5,17E-07  5,23E-06  [17] 
1257 Ce0.9Gd0.1O2+d Fluorite IE 911 1,93E-07  1,92E-06  [17] 
1258 Ce0.9Gd0.1O2+d Fluorite IE 973 9,22E-08  8,05E-07  [17] 
1259 Ce0.9Gd0.1O2+d Fluorite IE 888 9,00E-08  3,25E-08  [17] 
1260 Ce0.9Gd0.1O2+d Fluorite IE 787 2,90E-08  2,63E-09  [17] 
1261 Ce0.9Gd0.1O2+d Fluorite IE 561 8,16E-09  5,86E-10  [17] 
1262 Ce0.9Gd0.1O2+d Fluorite IE 486 5,12E-10  3,07E-10  [17] 
1263 Ce0.9Gd0.1O2+d Fluorite IE 1033 5,20E-07  5,40E-06  [17] 
1264 Sm1-xSrxCoO3+d Perovskite IE  1,52E-15  1,99E-10  [6] 
1265 Sm1-xSrxCoO3+d Perovskite IE  8,38E-15  7,89E-09  [6] 
1266 Sm1-xSrxCoO3+d Perovskite IE  1,44E-14  2,95E-09  [6] 
1267 Sm1-xSrxCoO3+d Perovskite IE  7,23E-14  6,95E-09  [6] 
1268 Sm1-xSrxCoO3+d Perovskite IE  6,81E-14  3,05E-08  [6] 
1269 Sm1-xSrxCoO3+d Perovskite IE  1,37E-13  2,79E-08  [6] 
1270 Sm1-xSrxCoO3+d Perovskite IE  4,82E-13  4,55E-10  [6] 
1271 Sm1-xSrxCoO3+d Perovskite IE  8,55E-13  3,51E-08  [6] 
1272 Sm1-xSrxCoO3+d Perovskite IE  1,45E-12  1,85E-07  [6] 
1273 Sm1-xSrxCoO3+d Perovskite IE  4,75E-12  1,94E-07  [6] 
1274 Sm1-xSrxCoO3+d Perovskite IE  2,25E-11  4,77E-07  [6] 
1275 Sm1-xSrxCoO3+d Perovskite IE  2,82E-11  1,19E-07  [6] 
1276 Sm1-xSrxCoO3+d Perovskite IE  7,80E-11  3,50E-07  [6] 
1277 Sm1-xSrxCoO3+d Perovskite IE  2,56E-10  1,80E-07  [6] 
1278 Sm1-xSrxCoO3+d Perovskite IE  2,55E-09  8,91E-06  [6] 
1279 Sm1-xSrxCoO3+d Perovskite IE  4,16E-09  2,23E-06  [6] 
1280 Sm1-xSrxCoO3+d Perovskite IE  9,85E-09  2,44E-06  [6] 
1281 Sm1-xSrxCoO3+d Perovskite IE  1,35E-08  6,26E-06  [6] 
1282 Sm1-xSrxCoO3+d Perovskite IE  2,89E-08  3,51E-06  [6] 
1283 Sm1-xSrxCoO3+d Perovskite IE  4,44E-08  4,02E-06  [6] 
1284 Sm1-xSrxCoO3+d Perovskite IE  4,43E-08  6,01E-06  [6] 
1285 Sm1-xSrxCoO3+d Perovskite IE  1,44E-07  1,29E-05  [6] 
1286 Sm1-xSrxCoO3+d Perovskite IE  1,60E-07  2,21E-05  [6] 
1287 Sm1-xSrxCoO3+d Perovskite IE  2,75E-07  2,54E-05  [6] 
1288 Sm1-xSrxCoO3+d Perovskite IE  4,46E-07  3,18E-05  [6] 
1289 Sm1-xSrxCoO3+d Perovskite IE  9,48E-07  3,05E-05  [6] 
1290 Sm1-xSrxCoO3+d Perovskite IE  7,22E-07  5,45E-05  [6] 
1291 Sm1-xSrxCoO3+d Perovskite IE  1,62E-06  5,46E-05  [6] 
1292 La1-xSrxMnO3+d Perovskite IE  1,95E-15  1,07E-08  [44] 
1293 La1-xSrxMnO3+d Perovskite IE  2,08E-14  2,12E-08  [44] 
1294 La1-xSrxMnO3+d Perovskite IE  4,18E-14  5,21E-08  [44] 
1295 La1-xSrxMnO3+d Perovskite IE  7,94E-14  1,02E-07  [44] 
1296 La1-xSrxMnO3+d Perovskite IE  2,33E-13  1,12E-07  [44] 
1297 La1-xSrxMnO3+d Perovskite IE  2,94E-12  9,45E-08  [44] 
1298 La1-xSrxMnO3+d Perovskite IE  7,76E-12  5,07E-08  [44] 
1299 La1-xSrxMnO3+d Perovskite IE  1,01E-11  1,94E-07  [44] 
1300 La1-xSrxMnO3+d Perovskite IE  7,60E-09  3,25E-07  [44] 
1301 La1-xSrxMnO3+d Perovskite IE  9,39E-09  6,37E-07  [44] 
1302 La1-xSrxCoO3+d Perovskite IE  2,89E-07  4,15E-05  [44] 
1303 La1-xSrxCoO3+d Perovskite IE  8,88E-08  1,93E-05  [44] 
1304 La1-xSrxCoO3+d Perovskite IE  1,88E-08  4,19E-06  [44] 
1305 La1-xSrxCoO3+d Perovskite IE  4,01E-08  9,16E-07  [44] 
1306 La1-xSrxCoO3+d Perovskite IE  1,79E-08  7,63E-07  [44] 
1307 La1-xSrxCoO3+d Perovskite IE  8,90E-09  6,09E-07  [44] 
1308 La0.8Sr0.2MnO3+d Perovskite IE  1,60E-12  9,69E-08  [48] 
1309 La0.8Sr0.2Mn0.2Co0.8O3+d Perovskite IE  1,44E-12  8,72E-08  [48] 
1310 La0.8Sr0.2Mn0.3Co0.7O3+d Perovskite IE  8,67E-12  3,62E-07  [48] 
1311 La0.8Sr0.2Mn0.5Co0.5O3+d Perovskite IE  4,05E-10  9,10E-07  [48] 
1312 La0.8Sr0.2CoO3+d Perovskite IE  6,67E-08  7,10E-06  [48] 
1403 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 801 4,16E-08  5,61E-06  [8] 
1404 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 725 9,22E-09  1,72E-06  [8] 
1405 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 654 1,90E-09  4,67E-07  [8] 
1406 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 581 5,39E-10  1,06E-07  [8] 
1407 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 500 2,12E-10  1,57E-08  [8] 
1408 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 501 5,48E-11  2,40E-08  [8] 
1409 La0.6Sr0.4Co0.2Fe0.8O3-d Perovskite IE 501 4,60E-12  2,40E-08  [3] 
1410 La0.6Sr0.4Co0.2Fe0.8O3-d Perovskite IE 575 1,01E-10  6,11E-08  [3] 
1411 La0.6Sr0.4Co0.2Fe0.8O3-d Perovskite IE 651 8,72E-10  3,05E-07  [3] 
1412 La0.6Sr0.4Co0.2Fe0.8O3-d Perovskite IE 727 5,31E-09  1,56E-06  [3] 
1413 La0.6Sr0.4Co0.2Fe0.8O3-d Perovskite IE 800 1,82E-08    [3] 
1414 La0.6Sr0.4Co0.2Fe0.8O3-d Perovskite IE 797 5,34E-08    [3] 
1415 Ce0.9Gd0.1O2+d Fluorite IE 723 2,57E-08    [17] 
1416 Ce0.9Gd0.1O2+d Fluorite IE 654 1,18E-08    [17] 
1417 Ce0.9Gd0.1O2+d Fluorite IE 576 3,99E-09    [17] 
1418 Ce0.9Gd0.1O2+d Fluorite IE 500 1,25E-09    [17] 
1419 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 801 5,34E-08  5,61E-06  [8] 
1420 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 725 2,57E-08  1,72E-06  [8] 
1421 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 654 1,18E-08  4,67E-07  [8] 
1422 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 581 3,99E-09  1,06E-07  [8] 
1423 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 500 1,25E-09  1,57E-08  [8] 
1424 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 501 2,12E-10  2,40E-08  [8] 
1425 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 501 5,48E-11  2,40E-08  [8] 
1426 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 575 5,39E-10  6,11E-08  [8] 
1427 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 651 1,90E-09  3,05E-07  [8] 
1428 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 727 9,22E-09  1,56E-06  [8] 
1429 La0.6Sr0.4Co0.2Fe0.8O3-d/Ce0.8Gd0.2O2-x  Perovskite IE 797 4,16E-08    [8] 
1568 Ce0.9Gd0.1O2+d Fluorite IE 1025 5,39E-07  5,37E-06  [17] 
1569 Ce0.9Gd0.1O2+d Fluorite IE 911 1,85E-07  1,77E-06  [17] 
1570 Ce0.9Gd0.1O2+d Fluorite IE 970 1,45E-07  8,28E-07  [17] 
1571 Ce0.9Gd0.1O2+d Fluorite IE 885 9,19E-08  3,36E-08  [17] 
1572 Ce0.9Gd0.1O2+d Fluorite IE 790 2,67E-08  2,63E-09  [17] 
1573 Ce0.9Gd0.1O2+d Fluorite IE 560 8,04E-09  5,58E-10  [17] 
1574 Ce0.9Gd0.1O2+d Fluorite IE 487 4,81E-10  2,88E-10  [17] 
1575 Ce0.94Sm0.03Y0.03O2+d Fluorite IE 772 2,84E-08  3,33E-07  [1] 
1576 Ce0.94Gd0.06O2+d Fluorite IE 785 3,64E-08  1,53E-07  [1] 
1577 Ce0.94La0.03Yb0.03O2+d Fluorite IE 768 5,95E-08  5,95E-08  [1] 
1867 Nd1.8Ca0.2NiO4+d K2NiF4 IE 805 2,01E-08  1,12E-06  [49] 
1868 Nd1.8Ca0.2NiO4+d K2NiF4 IE 805 2,67E-08  6,71E-07  [49] 
1869 Nd1.8Ca0.2NiO4+d K2NiF4 IE 700 8,24E-09  1,89E-07  [49] 
1870 Nd1.8Ca0.2NiO4+d K2NiF4 IE 700 8,24E-09  1,60E-07  [49] 
1871 Nd1.8Ca0.2NiO4+d K2NiF4 IE 601 6,31E-09  7,25E-08  [49] 
1872 Nd1.8Ca0.2NiO4+d K2NiF4 IE 604 3,33E-09  1,46E-08  [49] 
1873 Nd1.8Ca0.2NiO4+d K2NiF4 IE 505 1,56E-09    [49] 
1874 Nd1.8Ca0.2NiO4+d K2NiF4 IE 505 6,50E-10    [49] 
1875 Nd2Ni04+d K2NiF4 IE 807 1,56E-07  8,98E-07  [49] 
1876 Nd2Ni04+d K2NiF4 IE 807 1,27E-07  6,13E-07  [49] 
1877 Nd2Ni04+d K2NiF4 IE 705 5,20E-08  3,14E-07  [49] 
1878 Nd2Ni04+d K2NiF4 IE 705 4,76E-08  2,67E-07  [49] 
1879 Nd2Ni04+d K2NiF4 IE 615 1,49E-08  2,19E-07  [49] 
1880 Nd2Ni04+d K2NiF4 IE 614 1,33E-08  2,19E-07  [49] 
1881 Nd2Ni04+d K2NiF4 IE 506 1,92E-09  2,59E-08  [49] 
1882 Nd2Ni04+d K2NiF4 IE 505 1,41E-09  2,59E-08  [49] 
1883 Nd1.95Ni04+d K2NiF4 IE 807 1,05E-07  2,00E-06  [49] 
1884 Nd1.95Ni04+d K2NiF4 IE 807 1,05E-07  1,55E-06  [49] 
1885 Nd1.95Ni04+d K2NiF4 IE 778 9,85E-08  1,37E-06  [49] 
1886 Nd1.95Ni04+d K2NiF4 IE 691 6,60E-08  1,37E-06  [49] 
1887 Nd1.95Ni04+d K2NiF4 IE 689 5,86E-08  1,25E-06  [49] 
1888 Nd1.95Ni04+d K2NiF4 IE 624 2,04E-08  6,77E-07  [49] 
1889 Nd1.95Ni04+d K2NiF4 IE 624 1,81E-08  5,15E-07  [49] 
1890 Nd1.95Ni04+d K2NiF4 IE 515 3,23E-09  7,03E-08  [49] 
1891 Nd1.95Ni04+d K2NiF4 IE 515 2,51E-09  4,97E-08  [49] 
1892 Pr2NiO4+d K2NiF4 IE 808 1,81E-07  3,71E-06  [49] 
1893 Pr2NiO4+d K2NiF4 IE 808 1,81E-07  2,72E-06  [49] 
1894 Pr2NiO4+d K2NiF4 IE 706 8,24E-08  9,70E-07  [49] 
1895 Pr2NiO4+d K2NiF4 IE 705 6,80E-08  9,70E-07  [49] 
1896 Pr2NiO4+d K2NiF4 IE 615 3,05E-08  6,65E-07  [49] 
1897 Pr2NiO4+d K2NiF4 IE 613 2,55E-08  6,65E-07  [49] 
1898 Pr2NiO4+d K2NiF4 IE 519 1,21E-08  2,09E-07  [49] 
1899 Pr2NiO4+d K2NiF4 IE 520 9,42E-09  1,65E-07  [49] 
1900 La2NiO4+d K2NiF4 IE 809 1,21E-07  3,89E-06  [49] 
1901 La2NiO4+d K2NiF4 IE 809 1,21E-07  3,41E-06  [49] 
1902 La2NiO4+d K2NiF4 IE 704 6,60E-08  2,67E-06  [49] 
1903 La2NiO4+d K2NiF4 IE 704 5,26E-08  2,01E-06  [49] 
1904 La2NiO4+d K2NiF4 IE 616 2,17E-08  1,30E-06  [49] 
1905 La2NiO4+d K2NiF4 IE 615 1,23E-08  7,39E-07  [49] 
1906 La2NiO4+d K2NiF4 IE 521 4,53E-09  8,60E-07  [49] 
1907 La2NiO4+d K2NiF4 IE 521 4,53E-09  5,68E-07  [49] 
1908 La2NiO4+d K2NiF4 IE 841 1,38E-07  3,10E-06  [11] 
1909 La2NiO4+d K2NiF4 IE 799 1,70E-07  2,57E-06  [11] 
1910 La2NiO4+d K2NiF4 IE 741 6,36E-08  5,26E-07  [11] 
1911 La2NiO4+d K2NiF4 IE 702 3,35E-08  1,76E-07  [11] 
1912 La2NiO4+d K2NiF4 IE 640 2,77E-08  1,80E-07  [11] 
1913 La2Ni0.7Co0.3O4+d K2NiF4 IE 496 2,08E-09  1,56E-06  [50] 
1914 La2Ni0.7Co0.3O4+d K2NiF4 IE 544 4,37E-09  1,06E-07  [50] 
1915 La2Ni0.7Co0.3O4+d K2NiF4 IE 618 8,46E-09  2,13E-07  [50] 
1916 La2Ni0.7Co0.3O4+d K2NiF4 IE 690 5,46E-08  6,26E-05  [50] 
1917 La2Ni0.5Co0.5O4+d K2NiF4 IE 488 5,33E-09  4,10E-07  [50] 
1918 La2Ni0.5Co0.5O4+d K2NiF4 IE 557 1,44E-08  3,75E-07  [50] 
1919 La2Ni0.5Co0.5O4+d K2NiF4 IE 597 3,62E-08  6,07E-08  [50] 
1920 La2Ni0.5Co0.5O4+d K2NiF4 IE 628 6,75E-08  4,24E-06  [50] 
1921 La2Ni0.5Co0.5O4+d K2NiF4 IE 702 1,10E-07  1,01E-06  [50] 
1922 La2Ni0.5Co0.5O4+d K2NiF4 IE 752 1,56E-07  3,95E-06  [50] 
1923 La2Ni0.2Co0.8O4+d K2NiF4 IE 485 2,11E-08  3,41E-06  [50] 
1924 La2Ni0.2Co0.8O4+d K2NiF4 IE 535 2,44E-08  9,86E-06  [50] 
1925 La2Ni0.2Co0.8O4+d K2NiF4 IE 585 3,54E-08  1,58E-06  [50] 
1926 La2Ni0.2Co0.8O4+d K2NiF4 IE 633 6,66E-08  1,87E-06  [50] 
1927 La2Ni0.2Co0.8O4+d K2NiF4 IE 681 8,96E-08  1,31E-06  [50] 
1928 La2CoO4+d K2NiF4 IE 473 2,35E-08  1,20E-06  [50] 
1929 La2CoO4+d K2NiF4 IE 530 2,54E-08  5,35E-06  [50] 
1930 La2CoO4+d K2NiF4 IE 586 3,05E-08  4,09E-06  [50] 
1931 La2CoO4+d K2NiF4 IE 634 2,75E-08  1,36E-06  [50] 
1932 La2CoO4+d K2NiF4 IE 684 3,59E-08  2,29E-06  [50] 
1965 La0.9Ca0.12CrO3-d Perovskite IE  1,57E-13  1,36E-07  [20] 
1966 La0.8Ca0.22CrO3-d Perovskite IE  1,91E-13  8,20E-08  [20] 
1967 La0.9Sr0.1YO3+d Perovskite IE 384 1,94E-15  1,84E-11  [20] 
1968 La0.9Sr0.1YO3+d Perovskite IE 440 1,01E-14  1,05E-09  [20] 
1969 La0.9Sr0.1YO3+d Perovskite IE 491 1,14E-13  1,12E-09  [20] 
1970 La0.9Sr0.1YO3+d Perovskite IE 568 2,39E-13  1,36E-09  [20] 
1971 Zr0.81Y0.1902+d Fluorite IE  6,20E-08    [17] 
1972 Zr0.858Ca0.14202+d Fluorite IE  7,54E-09    [18] 
1973 Zr0.85Ca0.1502+d Fluorite IE  1,87E-08    [19] 
1974 Ce0.9Gd0.1O2+d Fluorite IE  2,70E-08    [17] 
1975 La0.9Sr0.1Ga0.8Mg0.2O3+d Perovskite IE  3,24E-07    [16] 
1976 La0.8Sr0.2Ga0.8Mg0.2O3+d Perovskite IE  4,13E-07    [16] 
1977 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 700 1,52E-11  1,53E-08  [51] 
1978 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 754 3,90E-11  4,90E-08  [51] 
1979 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 803 1,18E-10  5,10E-08  [51] 
1980 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 901 9,60E-10  3,30E-07  [51] 
1981 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 997 5,00E-09  7,20E-07  [51] 
1982 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 700 1,30E-09  3,10E-08  [51] 
1983 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 760 3,50E-09  1,02E-07  [51] 
1984 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 798 6,70E-09  1,20E-07  [51] 
1985 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 898 1,90E-08  4,10E-07  [51] 
1986 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 994 1,02E-07  1,10E-06  [51] 
1987 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 696 1,10E-08  1,80E-07  [51] 
1988 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 756 2,07E-08  2,00E-07  [51] 
1989 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 796 4,60E-08  6,50E-07  [51] 
1990 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 885 8,20E-08  1,30E-06  [51] 
1991 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 984 3,40E-07  5,70E-07  [51] 
1992 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 725 1,20E-09  1,60E-07  [51] 
1993 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 764 1,10E-08  1,50E-07  [51] 
1994 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 819 1,02E-08  2,34E-07  [51] 
1995 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 913 4,40E-08  3,10E-07  [51] 
1996 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 992 2,90E-08  1,40E-07  [51] 
1997 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 690 5,00E-09  4,10E-07  [51] 
1998 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 788 2,60E-08  4,70E-07  [51] 
1999 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 841 8,50E-08  2,60E-07  [51] 
2000 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 892 1,20E-07  1,60E-07  [51] 
2001 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 999 5,40E-07  8,60E-07  [51] 
2002 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 700 9,60E-08  6,50E-07  [51] 
2003 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 749 5,50E-08  8,80E-07  [51] 
2004 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 809 3,90E-07  1,33E-06  [51] 
2005 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 891 3,10E-07  1,27E-06  [51] 
2006 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite IE 987 6,60E-07  1,40E-06  [51] 
2007 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 818 2,40E-08  7,50E-07  [51] 
2008 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 812 2,00E-08  2,00E-06  [51] 
2009 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 816 2,80E-08  1,50E-06  [51] 
2010 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 815 2,50E-08  1,70E-06  [51] 
2011 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite IE 813 3,10E-08  1,70E-06  [51] 
2012 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 818 1,50E-07  2,50E-07  [51] 
2013 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 817 2,50E-07  1,43E-06  [51] 
2014 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 818 2,00E-07  1,80E-07  [51] 
2015 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 820 2,20E-07  2,00E-07  [51] 
2016 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite IE 820 3,00E-07  3,10E-07  [51] 
2017 La2NiO4+d K2NiF4 IE 803   7,92E-07  [34] 
2018 La2NiO4+d K2NiF4 IE 726   1,97E-07  [34] 
2019 La2NiO4+d K2NiF4 IE 646   6,33E-08  [34] 
2020 La2NiO4+d K2NiF4 IE 560   1,31E-08  [34] 
2021 La2NiO4+d K2NiF4 IE 510   3,46E-09  [34] 
2022 La2NiO4+d K2NiF4 IE 449   1,04E-09  [34] 
2023 La2CoO4+d K2NiF4 IE 685   2,27E-06  [50] 
2024 La2CoO4+d K2NiF4 IE 635   1,37E-06  [50] 
2025 La2CoO4+d K2NiF4 IE 587   4,18E-06  [50] 
2026 La2CoO4+d K2NiF4 IE 530   5,25E-06  [50] 
2027 La2CoO4+d K2NiF4 IE 473   1,23E-06  [50] 
2028 La2Ni0.5Co0.5O4+d K2NiF4 IE 752 1,56E-07  1,58E-07  [50] 
2029 La2Ni0.5Co0.5O4+d K2NiF4 IE 701 1,11E-07  1,10E-07  [50] 
2030 La2Ni0.5Co0.5O4+d K2NiF4 IE 628 6,80E-08  6,74E-08  [50] 
2031 La2Ni0.5Co0.5O4+d K2NiF4 IE 597 3,69E-08  3,60E-08  [50] 
2032 La2Ni0.5Co0.5O4+d K2NiF4 IE 544 1,50E-08  1,54E-08  [50] 
2033 La2Ni0.5Co0.5O4+d K2NiF4 IE 488 5,32E-09  5,37E-09  [50] 
2034 La2Ni0.2Co0.8O4+d K2NiF4 IE 682 9,01E-08    [50] 
2035 La2Ni0.2Co0.8O4+d K2NiF4 IE 634 6,74E-08    [50] 
2036 La2Ni0.2Co0.8O4+d K2NiF4 IE 585 3,62E-08    [50] 
2037 La2Ni0.2Co0.8O4+d K2NiF4 IE 535 2,44E-08    [50] 
2038 La2Ni0.2Co0.8O4+d K2NiF4 IE 485 2,13E-08    [50] 
2039 La2CoO4+d K2NiF4 IE 685 3,62E-08    [50] 
2040 La2CoO4+d K2NiF4 IE 636 2,79E-08    [50] 
2041 La2CoO4+d K2NiF4 IE 586 3,07E-08    [50] 
2042 La2CoO4+d K2NiF4 IE 530 2,59E-08    [50] 
2043 La2CoO4+d K2NiF4 IE 472 2,37E-08    [50] 
2044 La2NiO4+d K2NiF4 IE 802 5,07E-08  5,10E-08  [50] 
2045 La2NiO4+d K2NiF4 IE 726 3,22E-08  3,18E-08  [50] 
2046 La2NiO4+d K2NiF4 IE 645 1,80E-08  1,82E-08  [50] 
2047 La2NiO4+d K2NiF4 IE 560 8,06E-09  8,03E-09  [50] 
2048 La2NiO4+d K2NiF4 IE 510 4,05E-09  4,06E-09  [50] 
2049 La2NiO4+d K2NiF4 IE 450 3,25E-09  3,20E-09  [50] 
2050 La2Ni0.3Co0.7O4+d K2NiF4 IE 689   5,57E-08  [50] 
2051 La2Ni0.3Co0.7O4+d K2NiF4 IE 617   8,59E-09  [50] 
2052 La2Ni0.3Co0.7O4+d K2NiF4 IE 543   4,44E-09  [50] 
2053 La2Ni0.3Co0.7O4+d K2NiF4 IE 495   2,14E-09  [50] 
2054 La2Ni0.5Co0.5O4+d K2NiF4 IE 745 1,59E-07    [50] 
2055 La2Ni0.5Co0.5O4+d K2NiF4 IE 700 1,09E-07    [50] 
2056 La2Ni0.5Co0.5O4+d K2NiF4 IE 627 6,77E-08    [50] 
2057 La2Ni0.5Co0.5O4+d K2NiF4 IE 599 3,64E-08    [50] 
2058 La2Ni0.5Co0.5O4+d K2NiF4 IE 599 1,42E-08    [50] 
2059 La2Ni0.5Co0.5O4+d K2NiF4 IE 543 1,51E-08    [50] 
2060 La2Ni0.5Co0.5O4+d K2NiF4 IE 487 5,25E-09    [50] 
2061 La2CoO4+d K2NiF4 IE 679 3,59E-08    [50] 
2062 La2CoO4+d K2NiF4 IE 632 2,80E-08    [50] 
2063 La2CoO4+d K2NiF4 IE 585 3,07E-08    [50] 
2064 La2CoO4+d K2NiF4 IE 528 2,51E-08    [50] 
2065 La2CoO4+d K2NiF4 IE 473 2,35E-08    [50] 
2213 Ce0.9Gd0.1O1.9 Fluorite IE 800 3,11E-07    [52] 
2214 Ce0.9Gd0.1O1.9 Fluorite IE 800 3,42E-07    [52] 
2215 Ce0.9Gd0.1O1.9 Fluorite IE 800 2,83E-07    [52] 
2216 Ce0.9Gd0.1O1.9 Fluorite IE 800 1,92E-07    [52] 
2217 Ce0.9Gd0.1O1.9 Fluorite IE 600 3,27E-08    [52] 
2218 Ce0.9Gd0.1O1.9 Fluorite IE 600 1,66E-08    [52] 
2219 Ce0.9Gd0.1O1.9 Fluorite IE 600 1,47E-08    [52] 
2220 Ce0.9Gd0.1O1.9 Fluorite IE 600 3,00E-08    [52] 
2221 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 800   1,95E-05  [52] 
2222 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 800   1,65E-05  [52] 
2223 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 800   4,31E-05  [52] 
2224 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 800   3,12E-05  [52] 
2225 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 800   4,50E-05  [52] 
2226 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 600   2,06E-07  [52] 
2227 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 600   2,04E-07  [52] 
2228 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 600   1,58E-06  [52] 
2229 La0.6Sr0.4CoO3+d/Ce0.9Gd0.1O1.9 Composite 600   1,38E-06  [52] 
2230 La0.65Sr0.35MnO3+d Perovskite 903 4,00E-14  4,95E-08  [44] 
2231 La0.5Sr0.5MnO3+d Perovskite 904 2,99E-12  8,93E-08  [44] 
2232 La0.5Sr0.5MnO3+d Perovskite 801 7,87E-14  1,02E-07  [44] 
2233 La0.5Sr0.5MnO3+d Perovskite 697 1,99E-15  9,68E-09  [44] 
2234 La0.65Sr0.35Mn0.8Co0.2O3+d Perovskite 903 1,01E-11  1,94E-07  [44] 
2235 La0.65Sr0.35Mn0.8Co0.2O3+d Perovskite 802 1,97E-13  9,20E-08  [44] 
2236 La0.65Sr0.35Mn0.8Co0.2O3+d Perovskite 697 1,89E-14  1,93E-08  [44] 
2237 La0.5Sr0.5(Mn0.8Co0.2)0.6Ni0.4O3+d Perovskite 902 1,01E-08  7,01E-07  [44] 
2238 La0.5Sr0.5(Mn0.8Co0.2)0.6Ni0.4O3+d Perovskite 802   2,95E-07  [44] 
2239 La0.5Sr0.5(Mn0.8Co0.2)0.6Ni0.4O3+d Perovskite 696 7,87E-12  4,82E-08  [44] 
2240 La0.6Ca0.4Fe0.2Co0.8O3+d Perovskite 902   3,97E-05  [44] 
2241 La0.6Ca0.4Fe0.2Co0.8O3+d Perovskite 801   2,01E-05  [44] 
2242 La0.6Ca0.4Fe0.2Co0.8O3+d Perovskite 696 1,82E-08  3,95E-06  [44] 
2243 La0.8Sr0.2CoO3+d Perovskite 902 4,00E-08  2,02E-05  [44] 
2244 La0.8Sr0.2CoO3+d Perovskite 799 1,99E-08  4,95E-06  [44] 
2245 La0.8Sr0.2CoO3+d Perovskite 695 9,53E-09  2,97E-06  [44] 
2246 La0.6Sr0.4Ni0.2Co0.8O3+d Perovskite 903 4,10E-07  1,97E-06  [53] 
2247 La0.6Sr0.4Ni0.2Co0.8O3+d Perovskite 799 9,90E-08  2,02E-06  [53] 
2248 La0.6Sr0.4Ni0.2Co0.8O3+d Perovskite 697 2,88E-08  1,95E-06  [53] 
2249 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 974 2,82E-07  1,44E-07  [54] 
2250 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 874 4,89E-09  2,38E-07  [54] 
2251 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 801 4,17E-09  4,68E-08  [54] 
2252 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 746 8,02E-10  2,25E-07  [54] 
2253 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 695 2,02E-10  9,00E-08  [54] 
2254 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 693 9,40E-08  4,04E-07  [54] 
2255 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 744 9,83E-08  6,08E-07  [54] 
2256 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 788 9,88E-08  4,98E-07  [54] 
2257 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 902 1,91E-07  6,63E-06  [54] 
2258 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 1007 9,23E-07  3,56E-06  [54] 
2259 La0.9Sr0.1FeO3+d Perovskite 990 9,82E-09  2,01E-06  [54] 
2260 La0.9Sr0.1FeO3+d Perovskite 901 2,99E-09  4,92E-07  [54] 
2261 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 1009 4,95E-09  2,50E-06  [54] 
2262 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 917 9,52E-10  2,03E-06  [54] 
2263 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 800 1,51E-10  2,95E-07  [54] 
2264 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 757 2,40E-11  1,07E-07  [54] 
2265 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 714 7,59E-12  2,67E-08  [54] 
2266 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 987 3,27E-07  5,58E-07  [51] 
2267 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 887 8,41E-08  1,33E-06  [51] 
2268 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 798 2,11E-08  6,51E-07  [51] 
2269 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 758 2,18E-08  2,03E-07  [51] 
2270 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 698 1,20E-08  1,81E-07  [51] 
2271 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 998 9,90E-08  1,06E-06  [51] 
2272 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 900 1,90E-08  4,07E-07  [51] 
2273 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 7,01E-09  1,22E-07  [51] 
2274 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 761 3,67E-09  1,02E-07  [51] 
2275 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 701 1,29E-09  3,15E-08  [51] 
2276 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 995 5,06E-09  7,09E-07  [51] 
2277 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 905 9,91E-10  3,27E-07  [51] 
2278 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 803 1,27E-10  5,12E-08  [51] 
2279 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 758 4,15E-11  4,88E-08  [51] 
2280 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 698 1,60E-11  1,54E-08  [51] 
2281 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 8,43E-08  2,64E-07  [51] 
2282 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 3,05E-07  3,06E-07  [51] 
2283 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 2,25E-07  1,77E-07  [51] 
2284 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 2,07E-07  2,00E-07  [51] 
2285 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 2,52E-07  1,77E-07  [51] 
2286 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 6,91E-09  1,22E-07  [51] 
2287 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 1,05E-08  2,34E-07  [51] 
2288 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 3,18E-08  2,47E-07  [51] 
2289 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 2,62E-08  1,75E-06  [51] 
2290 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 2,87E-08  1,45E-06  [51] 
2291 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 2,03E-08  2,02E-06  [51] 
2292 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 1,19E-10  5,07E-08  [51] 
2293 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 1,50E-07  1,41E-06  [51] 
2294 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800 6,91E-09  1,20E-07  [51] 
2295 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 2,47E-08  7,46E-07  [51] 
2296 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800 1,19E-10  5,14E-08  [51] 
2297 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 988 6,84E-07  1,43E-06  [51] 
2298 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 892 3,29E-07  1,28E-06  [51] 
2299 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 810 4,08E-07  1,33E-06  [51] 
2300 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 749 5,63E-08  8,72E-07  [51] 
2301 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 700 9,95E-08  6,66E-07  [51] 
2302 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 1000 5,43E-07  8,68E-07  [51] 
2303 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 894 1,25E-07  1,61E-07  [51] 
2304 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 843 8,69E-08  2,61E-07  [51] 
2305 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 788 2,63E-08  4,74E-07  [51] 
2306 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 690 5,24E-09  4,11E-07  [51] 
2307 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 992 3,06E-08  1,48E-07  [51] 
2308 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 913 4,41E-08  3,25E-07  [51] 
2309 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 820 1,05E-08  2,33E-07  [51] 
2310 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 765 1,10E-08  1,53E-07  [51] 
2311 La0.8Sr0.2Cr0.2Fe0.8O3+d Perovskite 724 1,15E-09  1,62E-07  [51] 
2312 La0.9Sr0.1Fe0.8Cr0.2O3 d  Perovskite 1000   1,15E-08  [55] 
2313 La0.75Sr0.25Fe0.8Cr0.2O3 d  Perovskite 1000   1,23E-07  [55] 
2314 La0.59Sr0.41Fe0.8Cr0.2O3 d  Perovskite 1000   5,65E-07  [55] 
2315 La0.9Sr0.1Fe0.8Cr0.2O3 d  Perovskite 950   4,96E-09  [55] 
2316 La0.75Sr0.25Fe0.8Cr0.2O3 d  Perovskite 950   6,71E-08  [55] 
2317 La0.9Sr0.1Fe0.8Cr0.2O3 d  Perovskite 900   3,22E-09  [55] 
2318 La0.75Sr0.25Fe0.8Cr0.2O3 d  Perovskite 900   3,37E-08  [55] 
2319 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 1000   5,05E-09  [51] 
2320 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 1000   1,01E-07  [51] 
2321 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 1000   3,42E-07  [51] 
2322 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 900   9,82E-10  [51] 
2323 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 900   1,87E-08  [51] 
2324 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 900   8,07E-08  [51] 
2325 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 800   1,21E-10  [51] 
2326 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 800   6,80E-09  [51] 
2327 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 800   4,61E-08  [51] 
2328 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 760   4,04E-11  [51] 
2329 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 760   3,56E-09  [51] 
2330 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 760   2,03E-08  [51] 
2331 La0.8Sr0.2Fe0.8Cr0.2O3 d  Perovskite 700   1,53E-11  [51] 
2332 La0.6Sr0.4Fe0.8Cr0.2O3 d  Perovskite 700   1,24E-09  [51] 
2333 La0.4Sr0.6Fe0.8Cr0.2O3 d  Perovskite 700   1,13E-08  [51] 
2334 SmCoO3+d Perovskite 800 1,98E-12    [6] 
2335 Sm0.8Sr0.2CoO3+d Perovskite 800 2,94E-09    [6] 
2336 Sm0.6Sr0.4CoO3+d Perovskite 800 2,44E-07    [6] 
2337 Sm0.5Sr0.5CoO3+d Perovskite 800 6,78E-07    [6] 
2338 Sm0.4Sr0.6CoO3+d Perovskite 800 5,33E-07    [6] 
2339 Sm0.5Cd0.5CoO3+d Perovskite 800 6,41E-12    [6] 
2340 SmCoO3+d Perovskite 888 2,20E-11  3,10E-07  [6] 
2341 SmCoO3+d Perovskite 888 2,40E-11  4,50E-07  [6] 
2342 SmCoO3+d Perovskite 793 1,40E-12  1,80E-07  [6] 
2343 SmCoO3+d Perovskite 696 7,10E-14  3,00E-08  [6] 
2344 SmCoO3+d Perovskite 592 7,80E-15  7,40E-09  [6] 
2345 SmCoO3+d Perovskite 511 1,50E-15  1,90E-10  [6] 
2346 Sm0.8Sr0.2CoO3+d Perovskite 800 2,70E-09  8,60E-06  [6] 
2347 Sm0.8Sr0.2CoO3+d Perovskite 700 2,50E-10  1,80E-07  [6] 
2348 Sm0.8Sr0.2CoO3+d Perovskite 600 2,90E-11  1,20E-07  [6] 
2349 Sm0.8Sr0.2CoO3+d Perovskite 511 4,80E-13  4,40E-10  [6] 
2350 Sm0.6Sr0.4CoO3+d Perovskite 887 6,40E-07  3,50E-05  [6] 
2351 Sm0.6Sr0.4CoO3+d Perovskite 793 3,00E-07  2,50E-05  [6] 
2352 Sm0.6Sr0.4CoO3+d Perovskite 704 4,80E-08  6,10E-06  [6] 
2353 Sm0.6Sr0.4CoO3+d Perovskite 597 4,50E-09  2,20E-06  [6] 
2354 Sm0.5Sr0.5CoO3+d Perovskite 887 1,80E-06  5,60E-05  [6] 
2355 Sm0.5Sr0.5CoO3+d Perovskite 793 7,90E-07  5,60E-05  [6] 
2356 Sm0.5Sr0.5CoO3+d Perovskite 704 1,60E-07  1,30E-05  [6] 
2357 Sm0.5Sr0.5CoO3+d Perovskite 597 3,90E-08  3,70E-06  [6] 
2358 Sm0.4Sr0.6CoO3+d Perovskite 887 1,00E-06  2,90E-05  [6] 
2359 Sm0.4Sr0.6CoO3+d Perovskite 793 5,00E-07  3,10E-05  [6] 
2360 Sm0.4Sr0.6CoO3+d Perovskite 704 1,80E-07  2,10E-05  [6] 
2361 Sm0.4Sr0.6CoO3+d Perovskite 597 2,80E-08  3,40E-06  [6] 
2362 Sm0.5Ca0.5CoO3+d Perovskite 888 1,70E-08  6,00E-06  [6] 
2363 Sm0.5Ca0.5CoO3+d Perovskite 793 1,00E-08  2,30E-06  [6] 
2364 Sm0.5Ca0.5CoO3+d Perovskite 696 8,50E-13  3,30E-08  [6] 
2365 Sm0.5Ca0.5CoO3+d Perovskite 592 7,30E-14  6,50E-09  [6] 
2366 Sm0.5Cd0.5CoO3+d Perovskite 888 7,60E-11  3,40E-07  [6] 
2367 Sm0.5Cd0.5CoO3+d Perovskite 793 4,50E-12  1,80E-07  [6] 
2368 Sm0.5Cd0.5CoO3+d Perovskite 696 1,50E-13  2,70E-08  [6] 
2369 Sm0.5Cd0.5CoO3+d Perovskite 592 1,40E-14  2,90E-09  [6] 
2370 LaMnO3+d Perovskite 700 1,67E-15    [14] 
2371 LaMnO3+d Perovskite 750 6,81E-15    [14] 
2372 LaMnO3+d Perovskite 800 2,43E-14    [14] 
2373 LaMnO3+d Perovskite 850 7,75E-14    [14] 
2374 LaMnO3+d Perovskite 900 2,24E-13    [14] 
2375 La0.9MnO3+d Perovskite 700 1,74E-15    [14] 
2376 La0.9MnO3+d Perovskite 750 9,72E-15    [14] 
2377 La0.9MnO3+d Perovskite 800 4,62E-14    [14] 
2378 La0.9MnO3+d Perovskite 850 1,91E-13    [14] 
2379 La0.9MnO3+d Perovskite 900 7,01E-13    [14] 
2380 La0.9MnO3+d Perovskite 950 2,31E-12    [14] 
2381 La0.9MnO3+d Perovskite 1000 6,94E-12    [14] 
2382 La0.8Sr0.2MnO3+d Perovskite 700 9,40E-16    [5] 
2383 La0.8Sr0.2MnO3+d Perovskite 750 4,56E-15    [5] 
2384 La0.8Sr0.2MnO3+d Perovskite 800 1,91E-14    [5] 
2385 La0.8Sr0.2MnO3+d Perovskite 850 7,03E-14    [5] 
2386 La0.8Sr0.2MnO3+d Perovskite 900 2,32E-13    [5] 
2387 La0.8Sr0.2MnO3+d Perovskite 950 6,93E-13    [5] 
2388 La0.8Sr0.2MnO3+d Perovskite 1000 1,90E-12    [5] 
2389 La0.5Sr0.5MnO3+d Perovskite 700 2,56E-15    [5] 
2390 La0.5Sr0.5MnO3+d Perovskite 750 2,07E-14    [5] 
2391 La0.5Sr0.5MnO3+d Perovskite 800 1,38E-13    [5] 
2392 La0.5Sr0.5MnO3+d Perovskite 850 7,78E-13    [5] 
2393 La0.5Sr0.5MnO3+d Perovskite 900 3,78E-12    [5] 
2394 La0.5Sr0.5MnO3+d Perovskite 950 1,61E-11    [44] 
2395 La0.5Sr0.5MnO3+d Perovskite 1000 6,14E-11    [44] 
2396 La0.5Sr0.5MnO3+d Perovskite 700 6,86E-15    [44] 
2397 La0.5Sr0.5MnO3+d Perovskite 750 5,19E-14    [44] 
2398 La0.5Sr0.5MnO3+d Perovskite 800 3,25E-13    [44] 
2399 La0.5Sr0.5MnO3+d Perovskite 850 1,73E-12    [44] 
2400 La0.5Sr0.5MnO3+d Perovskite 900 7,99E-12    [44] 
2401 La0.95Sr0.05MnO3+d Perovskite 800 4,52E-14    [56] 
2402 La0.95Sr0.05MnO3+d Perovskite 850 1,73E-13    [56] 
2403 La0.95Sr0.05MnO3+d Perovskite 900 5,90E-13    [56] 
2404 La0.95Sr0.05MnO3+d Perovskite 950 1,82E-12    [56] 
2405 La0.95Sr0.05MnO3+d Perovskite 1000 5,14E-12    [56] 
2406 La0.95Sr0.05MnO3+d Perovskite 1050 1,34E-11    [56] 
2407 La0.95Sr0.05MnO3+d Perovskite 1100 3,27E-11    [56] 
2408 La0.9Sr0.1MnO3+d Perovskite 800 8,05E-14    [56] 
2409 La0.9Sr0.1MnO3+d Perovskite 850 3,15E-13    [56] 
2410 La0.9Sr0.1MnO3+d Perovskite 900 1,10E-12    [56] 
2411 La0.9Sr0.1MnO3+d Perovskite 950 3,45E-12    [56] 
2412 La0.9Sr0.1MnO3+d Perovskite 1000 9,93E-12    [56] 
2413 La0.9Sr0.1MnO3+d Perovskite 1050 2,64E-11    [56] 
2414 La0.9Sr0.1MnO3+d Perovskite 1100 6,52E-11    [56] 
2415 La0.85Sr0.15MnO3+d Perovskite 800 1,89E-13    [56] 
2416 La0.85Sr0.15MnO3+d Perovskite 850 6,34E-13    [56] 
2417 La0.85Sr0.15MnO3+d Perovskite 900 1,92E-12    [56] 
2418 La0.85Sr0.15MnO3+d Perovskite 950 5,30E-12    [56] 
2419 La0.85Sr0.15MnO3+d Perovskite 1000 1,35E-11    [56] 
2420 La0.85Sr0.15MnO3+d Perovskite 1050 3,22E-11    [56] 
2421 La0.85Sr0.15MnO3+d Perovskite 1100 7,19E-11    [56] 
2422 La0.8Sr0.2MnO3+d Perovskite 800 2,29E-13    [56] 
2423 La0.8Sr0.2MnO3+d Perovskite 850 9,47E-13    [56] 
2424 La0.8Sr0.2MnO3+d Perovskite 900 3,47E-12    [56] 
2425 La0.8Sr0.2MnO3+d Perovskite 950 1,15E-11    [56] 
2426 La0.8Sr0.2MnO3+d Perovskite 1000 3,44E-11    [56] 
2427 La0.8Sr0.2MnO3+d Perovskite 1050 9,50E-11    [56] 
2428 La0.8Sr0.2MnO3+d Perovskite 1100 2,44E-10    [56] 
2429 La0.9Ca0.12CrO3-d Perovskite 900 1,09E-14    [57] 
2430 La0.9Ca0.12CrO3-d Perovskite 950 2,15E-14    [57] 
2431 La0.9Ca0.12CrO3-d Perovskite 1000 4,03E-14    [57] 
2432 La0.9Ca0.12CrO3-d Perovskite 1050 7,20E-14    [57] 
2433 La0.9Ca0.12CrO3-d Perovskite 1100 1,23E-13    [57] 
2434 La0.8Ca0.22CrO3-d Perovskite 900 5,77E-14    [57] 
2435 La0.8Ca0.22CrO3-d Perovskite 950 1,59E-13    [57] 
2436 La0.8Ca0.22CrO3-d Perovskite 1000 4,04E-13    [57] 
2437 La0.8Ca0.22CrO3-d Perovskite 1050 9,58E-13    [57] 
2438 La0.8Ca0.22CrO3-d Perovskite 1100 2,13E-12    [57] 
2439 La0.7Ca0.35CrO3-d Perovskite 900 4,60E-13    [57] 
2440 La0.7Ca0.35CrO3-d Perovskite 950 2,14E-12    [57] 
2441 La0.7Ca0.35CrO3-d Perovskite 1000 8,83E-12    [57] 
2442 La0.7Ca0.35CrO3-d Perovskite 1050 3,27E-11    [57] 
2443 La0.7Ca0.35CrO3-d Perovskite 1100 1,10E-10    [57] 
2444 LaFeO3+d Perovskite 800 4,03E-13    [58] 
2445 LaFeO3+d Perovskite 850 7,69E-13    [58] 
2446 LaFeO3+d Perovskite 900 1,39E-12    [58] 
2447 LaFeO3+d Perovskite 950 2,40E-12    [58] 
2448 LaFeO3+d Perovskite 1000 3,95E-12    [58] 
2449 LaFeO3+d Perovskite 1050 6,28E-12    [58] 
2450 La0.9Sr0.1FeO3+d Perovskite 900 4,74E-09    [59] 
2451 La0.9Sr0.1FeO3+d Perovskite 950 9,21E-09    [59] 
2452 La0.9Sr0.1FeO3+d Perovskite 1000 1,70E-08    [59] 
2453 La0.9Sr0.1FeO3+d Perovskite 1050 3,00E-08    [59] 
2454 La0.9Sr0.1FeO3+d Perovskite 1100 5,07E-08    [59] 
2455 La0.75Sr0.25FeO3+d  Perovskite 900 6,11E-08    [59] 
2456 La0.75Sr0.25FeO3+d  Perovskite 950 1,25E-07    [59] 
2457 La0.75Sr0.25FeO3+d  Perovskite 1000 2,42E-07    [59] 
2458 La0.75Sr0.25FeO3+d  Perovskite 1050 4,44E-07    [59] 
2459 La0.6Sr0.4FeO3+d Perovskite 800 1,75E-12    [58] 
2460 La0.6Sr0.4FeO3+d Perovskite 850 3,12E-12    [58] 
2461 La0.6Sr0.4FeO3+d Perovskite 900 5,29E-12    [58] 
2462 La0.6Sr0.4FeO3+d Perovskite 950 8,59E-12    [58] 
2463 La0.6Sr0.4FeO3+d Perovskite 1000 1,34E-11    [58] 
2464 La0.6Sr0.4FeO3+d Perovskite 1050 2,03E-11    [58] 
2465 La0.4Sr0.6FeO3+d Perovskite 800 6,50E-11    [58] 
2466 La0.4Sr0.6FeO3+d Perovskite 850 1,03E-10    [58] 
2467 La0.4Sr0.6FeO3+d Perovskite 900 1,57E-10    [58] 
2468 La0.4Sr0.6FeO3+d Perovskite 950 2,32E-10    [58] 
2469 La0.4Sr0.6FeO3+d Perovskite 1000 3,31E-10    [58] 
2470 La0.4Sr0.6FeO3+d Perovskite 1050 4,60E-10    [58] 
2471 SrFeO3+d Perovskite 800 1,50E-10    [58] 
2472 SrFeO3+d Perovskite 850 2,29E-10    [58] 
2473 SrFeO3+d Perovskite 900 3,38E-10    [58] 
2474 SrFeO3+d Perovskite 950 4,83E-10    [58] 
2475 SrFeO3+d Perovskite 1000 6,70E-10    [58] 
2476 SrFeO3+d Perovskite 1050 9,07E-10    [58] 
2477 LaCoO3+d Perovskite 700 3,01E-12    [55] 
2478 LaCoO3+d Perovskite 750 1,84E-11    [55] 
2479 LaCoO3+d Perovskite 800 9,48E-11    [55] 
2480 LaCoO3+d Perovskite 850 4,23E-10    [55] 
2481 LaCoO3+d Perovskite 900 1,66E-09    [55] 
2482 LaCoO3+d Perovskite 950 5,82E-09    [55] 
2483 LaCoO3+d Perovskite 1000 1,85E-08    [55] 
2484 La0.9Sr0.1CoO3+d Perovskite 850 1,27E-09    [59] 
2485 La0.9Sr0.1CoO3+d Perovskite 900 4,18E-09    [59] 
2486 La0.9Sr0.1CoO3+d Perovskite 950 1,25E-08    [59] 
2487 La0.9Sr0.1CoO3+d Perovskite 1000 3,43E-08    [59] 
2488 La0.9Sr0.1CoO3+d Perovskite 400 2,76E-16    [59] 
2489 La0.9Sr0.1CoO3+d Perovskite 450 4,40E-15    [59] 
2490 La0.9Sr0.1CoO3+d Perovskite 500 4,90E-14    [59] 
2491 La0.9Sr0.1CoO3+d Perovskite 550 4,07E-13    [59] 
2492 La0.9Sr0.1CoO3+d Perovskite 600 2,65E-12    [59] 
2493 La0.8Sr0.2CoO3+d Perovskite 700 2,63E-08    [44] 
2494 La0.8Sr0.2CoO3+d Perovskite 750 3,74E-08    [44] 
2495 La0.8Sr0.2CoO3+d Perovskite 800 5,13E-08    [44] 
2496 La0.8Sr0.2CoO3+d Perovskite 850 6,85E-08    [44] 
2497 La0.8Sr0.2CoO3+d Perovskite 900 8,92E-08    [44] 
2498 La0.8Sr0.2CoO3+d Perovskite 600 1,33E-11    [5] 
2499 La0.8Sr0.2CoO3+d Perovskite 650 6,25E-11    [5] 
2500 La0.8Sr0.2CoO3+d Perovskite 700 2,50E-10    [5] 
2501 La0.8Sr0.2CoO3+d Perovskite 750 8,74E-10    [5] 
2502 La0.8Sr0.2CoO3+d Perovskite 800 2,72E-09    [5] 
2503 La0.8Sr0.2CoO3+d Perovskite 850 7,64E-09    [5] 
2504 La0.8Sr0.2CoO3+d Perovskite 900 1,97E-08    [5] 
2505 La0.8Sr0.2CoO3+d Perovskite 950 4,69E-08    [5] 
2506 La0.8Sr0.2CoO3+d Perovskite 1000 1,04E-07    [5] 
2507 La0.7Sr0.3CoO3+d Perovskite 700 1,25E-06    [7] 
2508 La0.7Sr0.3CoO3+d Perovskite 750 1,74E-06    [7] 
2509 La0.7Sr0.3CoO3+d Perovskite 800 2,34E-06    [7] 
2510 La0.7Sr0.3CoO3+d Perovskite 850 3,06E-06    [7] 
2511 La0.7Sr0.3CoO3+d Perovskite 900 3,92E-06    [7] 
2512 La0.7Sr0.3CoO3+d Perovskite 950 4,91E-06    [7] 
2513 La0.7Sr0.3CoO3+d Perovskite 1000 6,06E-06    [7] 
2514 La0.7Sr0.3CoO3+d Perovskite 800 1,65E-07    [60] 
2515 La0.7Sr0.3CoO3+d Perovskite 850 2,52E-07    [60] 
2516 La0.5Sr0.5CoO3+d Perovskite 600 3,30E-09    [5] 
2517 La0.5Sr0.5CoO3+d Perovskite 650 8,82E-09    [5] 
2518 La0.5Sr0.5CoO3+d Perovskite 700 2,13E-08    [5] 
2519 La0.5Sr0.5CoO3+d Perovskite 750 4,71E-08    [5] 
2520 La0.5Sr0.5CoO3+d Perovskite 800 9,69E-08    [5] 
2521 La0.5Sr0.5CoO3+d Perovskite 850 1,87E-07    [5] 
2522 La0.5Sr0.5CoO3+d Perovskite 900 3,41E-07    [5] 
2523 SmCoO3+d Perovskite 500 1,10E-15    [6] 
2524 SmCoO3+d Perovskite 550 6,44E-15    [6] 
2525 SmCoO3+d Perovskite 600 3,07E-14    [6] 
2526 SmCoO3+d Perovskite 650 1,24E-13    [6] 
2527 SmCoO3+d Perovskite 700 4,31E-13    [6] 
2528 SmCoO3+d Perovskite 750 1,33E-12    [6] 
2529 SmCoO3+d Perovskite 800 3,70E-12    [6] 
2530 SmCoO3+d Perovskite 850 9,40E-12    [6] 
2531 SmCoO3+d Perovskite 900 2,20E-11    [6] 
2532 Sm0.8Sr0.2CoO3+d Perovskite 500 1,40E-12    [6] 
2533 Sm0.8Sr0.2CoO3+d Perovskite 550 8,95E-12    [6] 
2534 Sm0.8Sr0.2CoO3+d Perovskite 600 4,61E-11    [6] 
2535 Sm0.8Sr0.2CoO3+d Perovskite 650 1,99E-10    [6] 
2536 Sm0.8Sr0.2CoO3+d Perovskite 700 7,39E-10    [6] 
2537 Sm0.8Sr0.2CoO3+d Perovskite 750 2,42E-09    [6] 
2538 Sm0.8Sr0.2CoO3+d Perovskite 800 7,07E-09    [6] 
2539 Sm0.8Sr0.2CoO3+d Perovskite 850 1,88E-08    [6] 
2540 Sm0.8Sr0.2CoO3+d Perovskite 900 4,60E-08    [6] 
2541 Sm0.6Sr0.4CoO3+d Perovskite 500 1,41E-09    [6] 
2542 Sm0.6Sr0.4CoO3+d Perovskite 550 5,29E-09    [6] 
2543 Sm0.6Sr0.4CoO3+d Perovskite 600 1,71E-08    [6] 
2544 Sm0.6Sr0.4CoO3+d Perovskite 650 4,85E-08    [6] 
2545 Sm0.6Sr0.4CoO3+d Perovskite 700 1,24E-07    [6] 
2546 Sm0.6Sr0.4CoO3+d Perovskite 750 2,89E-07    [6] 
2547 Sm0.6Sr0.4CoO3+d Perovskite 800 6,21E-07    [6] 
2548 Sm0.6Sr0.4CoO3+d Perovskite 850 1,25E-06    [6] 
2549 Sm0.6Sr0.4CoO3+d Perovskite 900 2,37E-06    [6] 
2550 Sm0.5Sr0.5CoO3+d Perovskite 500 6,68E-09    [6] 
2551 Sm0.5Sr0.5CoO3+d Perovskite 550 1,93E-08    [6] 
2552 Sm0.5Sr0.5CoO3+d Perovskite 600 4,92E-08    [6] 
2553 Sm0.5Sr0.5CoO3+d Perovskite 650 1,13E-07    [6] 
2554 Sm0.5Sr0.5CoO3+d Perovskite 700 2,40E-07    [6] 
2555 Sm0.5Sr0.5CoO3+d Perovskite 750 4,72E-07    [6] 
2556 Sm0.5Sr0.5CoO3+d Perovskite 800 8,72E-07    [6] 
2557 Sm0.5Sr0.5CoO3+d Perovskite 850 1,52E-06    [6] 
2558 Sm0.5Sr0.5CoO3+d Perovskite 900 2,54E-06    [6] 
2559 Sm0.4Sr0.6CoO3+d Perovskite 500 6,37E-09    [6] 
2560 Sm0.4Sr0.6CoO3+d Perovskite 550 1,68E-08    [6] 
2561 Sm0.4Sr0.6CoO3+d Perovskite 600 3,97E-08    [6] 
2562 Sm0.4Sr0.6CoO3+d Perovskite 650 8,53E-08    [6] 
2563 Sm0.4Sr0.6CoO3+d Perovskite 700 1,70E-07    [6] 
2564 Sm0.4Sr0.6CoO3+d Perovskite 750 3,15E-07    [6] 
2565 Sm0.4Sr0.6CoO3+d Perovskite 800 5,54E-07    [6] 
2566 Sm0.4Sr0.6CoO3+d Perovskite 850 9,24E-07    [6] 
2567 Sm0.4Sr0.6CoO3+d Perovskite 900 1,48E-06    [6] 
2568 Sm0.5Cd0.5CoO3+d Perovskite 500 9,41E-16    [6] 
2569 Sm0.5Cd0.5CoO3+d Perovskite 550 8,53E-15    [6] 
2570 Sm0.5Cd0.5CoO3+d Perovskite 600 6,01E-14    [6] 
2571 Sm0.5Cd0.5CoO3+d Perovskite 650 3,43E-13    [6] 
2572 Sm0.5Cd0.5CoO3+d Perovskite 700 1,63E-12    [6] 
2573 Sm0.5Cd0.5CoO3+d Perovskite 750 6,69E-12    [6] 
2574 Sm0.5Cd0.5CoO3+d Perovskite 800 2,40E-11    [6] 
2575 Sm0.5Cd0.5CoO3+d Perovskite 850 7,70E-11    [6] 
2576 Sm0.5Cd0.5CoO3+d Perovskite 900 2,23E-10    [6] 
2577 CaTiO3+d Perovskite 700 2,99E-15    [61] 
2578 CaTiO3+d Perovskite 750 7,34E-15    [61] 
2579 CaTiO3+d Perovskite 800 1,65E-14    [61] 
2580 CaTiO3+d Perovskite 850 3,47E-14    [61] 
2581 CaTiO3+d Perovskite 900 6,83E-14    [61] 
2582 CaTiO3+d Perovskite 950 1,27E-13    [61] 
2583 CaTiO3+d Perovskite 850 4,75E-15    [62] 
2584 CaTiO3+d Perovskite 900 2,60E-14    [62] 
2585 CaTiO3+d Perovskite 950 1,24E-13    [62] 
2586 CaTiO3+d Perovskite 1000 5,22E-13    [62] 
2587 CaTiO3+d Perovskite 1050 1,97E-12    [62] 
2588 SrTiO3+d Perovskite 700 4,72E-16    [61] 
2589 SrTiO3+d Perovskite 750 2,06E-14    [61] 
2590 SrTiO3+d Perovskite 800 6,33E-13    [61] 
2591 SrTiO3+d Perovskite 850 1,43E-11    [61] 
2592 SrTiO3+d Perovskite 900 2,49E-10    [61] 
2593 SrTiO3+d Perovskite 950 3,42E-09    [61] 
2594 SrTiO3+d Perovskite 700 1,27E-15    [61] 
2595 SrTiO3+d Perovskite 750 4,99E-14    [61] 
2596 SrTiO3+d Perovskite 800 1,39E-12    [61] 
2597 SrTiO3+d Perovskite 850 2,89E-11    [61] 
2598 SrTiO3+d Perovskite 900 4,62E-10    [61] 
2599 SrTiO3+d doped with Fe Perovskite 600 7,60E-11    [63] 
2600 SrTiO3+d doped with Fe Perovskite 650 1,43E-10    [63] 
2601 SrTiO3+d doped with Fe Perovskite 700 2,53E-10    [63] 
2602 SrTiO3+d doped with Fe Perovskite 750 4,23E-10    [63] 
2603 SrTiO3+d doped with Fe Perovskite 800 6,73E-10    [63] 
2604 SrTiO3+d doped with Fe Perovskite 850 1,03E-09    [63] 
2605 SrTiO3+d doped with Fe Perovskite 900 1,51E-09    [63] 
2606 SrTiO3+d doped with Fe Perovskite 600 2,45E-10    [63] 
2607 SrTiO3+d doped with Fe Perovskite 650 4,89E-10    [63] 
2608 SrTiO3+d doped with Fe Perovskite 700 9,07E-10    [63] 
2609 SrTiO3+d doped with Fe Perovskite 750 1,59E-09    [63] 
2610 SrTiO3+d doped with Fe Perovskite 800 2,63E-09    [63] 
2611 SrTiO3+d doped with Fe Perovskite 850 4,17E-09    [63] 
2612 SrTiO3+d doped with Fe Perovskite 900 6,36E-09    [63] 
2613 SrTiO3+d doped with Fe Perovskite 600 6,21E-10    [63] 
2614 SrTiO3+d doped with Fe Perovskite 650 1,17E-09    [63] 
2615 SrTiO3+d doped with Fe Perovskite 700 2,07E-09    [63] 
2616 SrTiO3+d doped with Fe Perovskite 750 3,45E-09    [63] 
2617 SrTiO3+d doped with Fe Perovskite 800 5,50E-09    [63] 
2618 SrTiO3+d doped with Fe Perovskite 850 8,40E-09    [63] 
2619 SrTiO3+d doped with Fe Perovskite 900 1,24E-08    [63] 
2620 Ba0.97Sr0.03TiO3+d Perovskite 1100 1,51E-09    [64] 
2621 Ba0.97Sr0.03TiO3+d Perovskite 1150 1,87E-09    [64] 
2622 Ba0.97Sr0.03TiO3+d Perovskite 1200 2,30E-09    [64] 
2623 Ba0.97Sr0.03TiO3+d Perovskite 1250 2,78E-09    [64] 
2624 Ba0.97Sr0.03TiO3+d Perovskite 1300 3,32E-09    [64] 
2625 Ba0.97Sr0.03TiO3+d Perovskite 1350 3,92E-09    [64] 
2626 Ba0.97Sr0.03TiO3+d Perovskite 1400 4,59E-09    [64] 
2627 BaTiO3+d Perovskite 800 2,27E-12    [65] 
2628 BaTiO3+d Perovskite 850 2,81E-12    [65] 
2629 BaTiO3+d Perovskite 900 3,42E-12    [65] 
2630 BaTiO3+d Perovskite 950 4,09E-12    [65] 
2631 BaTiO3+d Perovskite 1000 4,83E-12    [65] 
2632 BaTiO3+d Perovskite 1050 5,63E-12    [65] 
2633 BaTiO3+d Perovskite 1100 6,49E-12    [65] 
2634 BaTiO3+d Perovskite 1150 7,41E-12    [65] 
2635 BaTiO3+d Perovskite 1200 8,38E-12    [65] 
2636 BaTiO3+d Perovskite 1250 9,40E-12    [65] 
2637 BaTiO3+d Perovskite 1300 1,05E-11    [65] 
2638 BaTiO3+d Perovskite 1350 1,16E-11    [65] 
2639 BaTiO3+d Perovskite 1400 1,27E-11    [65] 
2640 Ba0.9La0.0667TiO3+d Perovskite 800 1,50E-17    [65] 
2641 Ba0.9La0.0667TiO3+d Perovskite 850 1,18E-16    [65] 
2642 Ba0.9La0.0667TiO3+d Perovskite 900 7,77E-16    [65] 
2643 Ba0.9La0.0667TiO3+d Perovskite 950 4,39E-15    [65] 
2644 Ba0.9La0.0667TiO3+d Perovskite 1000 2,17E-14    [65] 
2645 Ba0.9La0.0667TiO3+d Perovskite 1050 9,49E-14    [65] 
2646 Ba0.9La0.0667TiO3+d Perovskite 1100 3,73E-13    [65] 
2647 Ba0.9La0.0667TiO3+d Perovskite 1150 1,33E-12    [65] 
2648 Ba0.9La0.0667TiO3+d Perovskite 1200 4,36E-12    [65] 
2649 Ba0.9La0.0667TiO3+d Perovskite 1250 1,32E-11    [65] 
2650 Ba0.9La0.0667TiO3+d Perovskite 1300 3,73E-11    [65] 
2651 Ba0.9La0.0667TiO3+d Perovskite 1350 9,87E-11    [65] 
2652 Ba0.9La0.0667TiO3+d Perovskite 1400 2,47E-10    [65] 
2653 Ba0.885La0.0984TiO3+d Perovskite 800 1,90E-17    [65] 
2654 Ba0.885La0.0984TiO3+d Perovskite 850 1,44E-16    [65] 
2655 Ba0.885La0.0984TiO3+d Perovskite 900 9,13E-16    [65] 
2656 Ba0.885La0.0984TiO3+d Perovskite 950 4,98E-15    [65] 
2657 Ba0.885La0.0984TiO3+d Perovskite 1000 2,38E-14    [65] 
2658 Ba0.885La0.0984TiO3+d Perovskite 1050 1,01E-13    [65] 
2659 Ba0.885La0.0984TiO3+d Perovskite 1100 3,87E-13    [65] 
2660 Ba0.885La0.0984TiO3+d Perovskite 1150 1,34E-12    [65] 
2661 Ba0.885La0.0984TiO3+d Perovskite 1200 4,30E-12    [65] 
2662 Ba0.885La0.0984TiO3+d Perovskite 1250 1,27E-11    [65] 
2663 Ba0.885La0.0984TiO3+d Perovskite 1300 3,52E-11    [65] 
2664 Ba0.885La0.0984TiO3+d Perovskite 1350 9,13E-11    [65] 
2665 Ba0.885La0.0984TiO3+d Perovskite 1400 2,24E-10    [65] 
2666 beta quartz Minerals  1010 1,60E-18    [66] 
 
2667 beta quartz Minerals  1110 7,62E-18    [66] 
2668 beta quartz Minerals  1210 2,93E-17    [66] 
2669 beta quartz Minerals  667 4,10E-12    [66] 
2670 beta quartz Minerals  667 8,40E-14    [66] 
2671 beta quartz Minerals  870 1,35E-19    [66] 
2672 beta quartz Minerals  970 7,04E-19    [66] 
2673 beta quartz Minerals  1070 2,87E-18    [66] 
2674 beta quartz Minerals  1180 1,08E-17    [66] 
2675 beta tridymite Minerals  1070 2,87E-17    [66] 
2676 beta tridymite Minerals  1170 9,62E-17    [66] 
2677 beta tridymite Minerals  1280 3,04E-16    [66] 
2678 beta quartz Minerals  820 1,67E-09    [66] 
2679 beta quartz Minerals  920 1,26E-07    [66] 
2680 beta quartz Minerals  1000 2,46E-06    [66] 
2681 beta quartz Minerals  900 5,00E-08    [66] 
2682 beta quartz Minerals  900 5,00E-15    [66] 
2683 alpha quartz Minerals  600 1,07E-19    [66] 
2684 alpha quartz Minerals  700 7,14E-19    [66] 
2685 alpha quartz Minerals  750 1,60E-18    [66] 
2686 alpha quartz Minerals  500 1,23E-17    [66] 
2687 alpha quartz Minerals  550 1,80E-16    [66] 
2688 alpha quartz Minerals  500 6,65E-18    [66] 
2689 alpha quartz Minerals  550 6,31E-17    [66] 
2690 beta quartz Minerals  600 1,28E-15    [66] 
2691 beta quartz Minerals  700 9,55E-15    [66] 
2692 beta quartz Minerals  800 4,90E-14    [66] 
2693 beta quartz Minerals  600 4,80E-16    [66] 
2694 beta quartz Minerals  700 4,31E-15    [66] 
2695 beta quartz Minerals  800 2,57E-14    [66] 
2696 beta quartz Minerals  600 1,00E-18    [66] 
2697 beta quartz Minerals  700 2,75E-17    [66] 
2698 beta quartz Minerals  800 4,07E-16    [66] 
2699 beta quartz Minerals  600 1,09E-18    [66] 
2700 beta quartz Minerals  700 1,98E-17    [66] 
2701 beta quartz Minerals  800 2,10E-16    [66] 
2702 alpha beta quartz Minerals  500 2,80E-17    [66] 
2703 alpha beta quartz Minerals  600 5,89E-16    [66] 
2704 alpha beta quartz Minerals  700 6,62E-15    [66] 
2705 alpha beta quartz Minerals  800 4,75E-14    [66] 
2706 beta quartz Minerals  500 7,40E-18    [66] 
2707 beta quartz Minerals  600 1,96E-16    [66] 
2708 beta quartz Minerals  700 2,66E-15    [66] 
2709 beta quartz Minerals  800 2,21E-14    [66] 
2710 beta quartz Minerals  700 8,18E-19    [66] 
2711 beta quartz Minerals  750 1,88E-18    [66] 
2712 beta quartz Minerals  800 4,01E-18    [66] 
2713 beta quartz Minerals  850 7,98E-18    [66] 
2714 beta quartz Minerals  700 4,33E-21    [66] 
2715 beta quartz Minerals  800 4,54E-20    [66] 
2716 beta quartz Minerals  850 1,26E-19    [66] 
2717 beta quartz Minerals  700 2,57E-12    [66] 
2718 beta quartz Minerals  900 1,74E-10    [66] 
2719 beta quartz Minerals  700 1,70E-14    [66] 
2720 beta quartz Minerals  800 2,50E-14    [66] 
2721 beta quartz Minerals  745 1,46E-16    [66] 
2722 beta quartz Minerals  800 3,83E-16    [66] 
2723 beta quartz Minerals  850 8,46E-16    [66] 
2724 beta quartz Minerals  900 1,75E-15    [66] 
2725 beta quartz Minerals  900 2,24E-15    [66] 
2726 beta quartz Minerals  900 8,13E-15    [66] 
2727 beta quartz Minerals  835 1,32E-15    [66] 
2728 alpha quartz Minerals  450 8,12E-19    [66] 
2729 alpha quartz Minerals  550 1,10E-16    [66] 
2730 alpha quartz Minerals  590 5,71E-16    [66] 
2731 Albite Minerals  440 2,06E-16    [66] 
2732 Albite Minerals  500 1,56E-15    [66] 
2733 Albite Minerals  600 2,47E-14    [66] 
2734 Albite Minerals  700 2,21E-13    [66] 
2735 Albite Minerals  800 1,31E-12    [66] 
2736 Albite Minerals  600 1,37E-14    [66] 
2737 Albite Minerals  700 1,23E-13    [66] 
2738 Albite Minerals  800 7,29E-13    [66] 
2739 Albite Minerals  350 7,82E-17    [66] 
2740 Albite Minerals  450 8,08E-16    [66] 
2741 Albite Minerals  550 4,73E-15    [66] 
2742 Albite Minerals  650 1,89E-14    [66] 
2743 Albite Minerals  750 5,76E-14    [66] 
2744 Albite Minerals  800 9,31E-14    [66] 
2745 Albite Minerals  807 2,11E-13    [66] 
2746 Albite Minerals  807 1,74E-13    [66] 
2747 Albite Minerals  807 2,42E-13    [66] 
2748 Albite Minerals  450 7,81E-16    [66] 
2749 Albite Minerals  550 1,32E-14    [66] 
2750 Albite Minerals  650 1,20E-13    [66] 
2751 Albite Minerals  700 3,07E-13    [66] 
2752 Albite Minerals  450 3,47E-15    [66] 
2753 Albite Minerals  550 4,74E-14    [66] 
2754 Albite Minerals  650 3,67E-13    [66] 
2755 Albite Minerals  750 1,90E-12    [66] 
2756 Albite Minerals  600 4,20E-15    [66] 
2757 Albite Minerals  600 3,89E-15    [66] 
2758 Albite Minerals  600 4,65E-13    [66] 
2759 Albite Minerals  750 5,08E-21    [66] 
2760 Albite Minerals  850 1,30E-20    [66] 
2761 Albite Minerals  950 2,87E-20    [66] 
2762 Microline Minerals  400 6,80E-16    [66] 
2763 Microline Minerals  500 1,19E-14    [66] 
2764 Microline Minerals  600 1,08E-13    [66] 
2765 Microline Minerals  700 6,26E-13    [66] 
2766 Sanidine Minerals  550 4,32E-15    [66] 
2767 Sanidine Minerals  650 2,45E-14    [66] 
2768 Sanidine Minerals  750 9,91E-14    [66] 
2769 Sanidine Minerals  850 3,12E-13    [66] 
2770 Sanidine Minerals  869 5,24E-18    [66] 
2771 Sanidine Minerals  950 2,89E-17    [66] 
2772 Sanidine Minerals  1050 1,79E-16    [66] 
2773 Adularia Minerals  520 1,37E-15    [66] 
2774 Adularia Minerals  600 8,78E-15    [66] 
2775 Adularia Minerals  700 5,85E-14    [66] 
2776 Adularia Minerals  800 2,73E-13    [66] 
2777 Adularia Minerals  420 2,44E-16    [66] 
2778 Adularia Minerals  500 2,26E-15    [66] 
2779 Adularia Minerals  600 2,05E-14    [66] 
2780 Adularia Minerals  700 1,18E-13    [66] 
2781 Adularia Minerals  712 1,00E-16    [66] 
2782 Adularia Minerals  1107 1,00E-15    [66] 
2783 Adularia Minerals  350 4,75E-17    [66] 
2784 Adularia Minerals  450 8,28E-16    [66] 
2785 Adularia Minerals  550 7,21E-15    [66] 
2786 Adularia Minerals  650 3,93E-14    [66] 
2787 Adularia Minerals  700 8,04E-14    [66] 
2788 Oligoclase Minerals  500 6,61E-16    [66] 
2789 Oligoclase Minerals  600 6,60E-15    [66] 
2790 Oligoclase Minerals  700 4,10E-14    [66] 
2791 Oligoclase Minerals  800 1,81E-13    [66] 
2792 Labradorite Minerals  550 5,06E-15    [66] 
2793 Labradorite Minerals  650 4,00E-14    [66] 
2794 Labradorite Minerals  700 9,59E-14    [66] 
2795 Anorthite Minerals  1280 4,28E-17    [66] 
2796 Anorthite Minerals  1380 2,15E-16    [66] 
2797 Anorthite Minerals  1480 8,95E-16    [66] 
2798 Anorthite Minerals  350 9,03E-17    [66] 
2799 Anorthite Minerals  450 1,68E-15    [66] 
2800 Anorthite Minerals  550 1,54E-14    [66] 
2801 Anorthite Minerals  650 8,74E-14    [66] 
2802 Anorthite Minerals  750 3,53E-13    [66] 
2803 Anorthite Minerals  800 6,43E-13    [66] 
2804 Anorthite Minerals  600 2,44E-12    [66] 
2805 Anorthite Minerals  850 1,06E-16    [66] 
2806 Anorthite Minerals  950 8,34E-16    [66] 
2807 Anorthite Minerals  1050 4,82E-15    [66] 
2808 Anorthite Minerals  1150 2,18E-14    [66] 
2809 Anorthite Minerals  1250 8,06E-14    [66] 
2810 Anorthite Minerals  1300 1,46E-13    [66] 
2811 Anorthite Minerals  1008 2,08E-15    [66] 
2812 Anorthite Minerals  1108 6,27E-15    [66] 
2813 Anorthite Minerals  1208 1,63E-14    [66] 
2814 Anorthite Minerals  1308 3,73E-14    [66] 
2815 Nepheline Minerals  1000 3,01E-13    [66] 
2816 Nepheline Minerals  1100 6,19E-13    [66] 
2817 Nepheline Minerals  1200 1,15E-12    [66] 
2818 Nepheline Minerals  1300 1,98E-12    [66] 
2819 Leucite Minerals  1000 5,12E-14    [66] 
2820 Leucite Minerals  1100 7,67E-14    [66] 
2821 Leucite Minerals  1200 1,09E-13    [66] 
2822 Leucite Minerals  1300 1,47E-13    [66] 
2823 Analcime Minerals  75 2,64E-12    [66] 
2824 Muscovite Minerals  512 1,07E-15    [66] 
2825 Muscovite Minerals  612 1,81E-14    [66] 
2826 Muscovite Minerals  700 1,34E-13    [66] 
2827 Muscovite Minerals  600 7,76E-19    [66] 
2828 Muscovite Minerals  650 3,77E-18    [66] 
2829 Muscovite Minerals  700 1,56E-17    [66] 
2830 Biotite Minerals  500 2,21E-15    [66] 
2831 Biotite Minerals  600 2,79E-14    [66] 
2832 Biotite Minerals  700 2,09E-13    [66] 
2833 Biotite Minerals  800 1,08E-12    [66] 
2834 Biotite Minerals  600 2,67E-17    [66] 
2835 Biotite Minerals  650 8,12E-17    [66] 
2836 Biotite Minerals  700 2,20E-16    [66] 
2837 Phlogopite Minerals  500 6,57E-18    [66] 
2838 Phlogopite Minerals  600 5,70E-17    [66] 
2839 Phlogopite Minerals  700 3,17E-16    [66] 
2840 Phlogopite Minerals  800 1,28E-15    [66] 
2841 Phlogopite Minerals  500 8,02E-16    [66] 
2842 Phlogopite Minerals  600 1,17E-14    [66] 
2843 Phlogopite Minerals  700 9,89E-14    [66] 
2844 Phlogopite Minerals  800 5,61E-13    [66] 
2845 Phlogopite Minerals  600 4,31E-15    [66] 
2846 Phlogopite Minerals  700 5,19E-14    [66] 
2847 Phlogopite Minerals  800 3,92E-13    [66] 
2848 Phlogopite Minerals  900 2,10E-12    [66] 
2849 Phlogopite Minerals  800 7,65E-18    [66] 
2850 Phlogopite Minerals  850 2,65E-17    [66] 
2851 Phlogopite Minerals  900 8,26E-17    [66] 
2852 Phlogopite Minerals  700 5,25E-14    [66] 
2853 Illite Minerals  100 6,67E-19    [66] 
2854 Illite Minerals  200 1,66E-18    [66] 
2855 Illite Minerals  300 3,01E-18    [66] 
2856 Illite Minerals  350 3,77E-18    [66] 
2857 Illite Minerals  100 1,51E-17    [66] 
2858 Illite Minerals  200 4,74E-17    [66] 
2859 Illite Minerals  300 9,98E-17    [66] 
2860 Illite Minerals  350 1,32E-16    [66] 
2861 Enstatite Minerals  1280 6,00E-12    [66] 
2862 Diopside Minerals  1280 1,80E-12    [66] 
2863 Diopside Minerals  1280 2,90E-12    [66] 
2864 Diopside Minerals  1150 8,88E-15    [66] 
2865 Diopside Minerals  1250 8,39E-14    [66] 
2866 Diopside Minerals  1350 6,00E-13    [66] 
2867 Diopside Minerals  700 1,12E-18    [66] 
2868 Diopside Minerals  800 1,51E-17    [66] 
2869 Diopside Minerals  900 1,31E-16    [66] 
2870 Diopside Minerals  1000 8,08E-16    [66] 
2871 Diopside Minerals  1100 3,82E-15    [66] 
2872 Diopside Minerals  1200 1,47E-14    [66] 
2873 Diopside Minerals  1000 1,51E-17    [66] 
2874 Diopside Minerals  1100 7,14E-17    [66] 
2875 Diopside Minerals  1200 2,73E-16    [66] 
2876 Diopside Minerals  900 2,12E-18    [66] 
2877 Diopside Minerals  1000 3,57E-17    [66] 
2878 Diopside Minerals  1100 4,00E-16    [66] 
2879 Diopside Minerals  1200 3,22E-15    [66] 
2880 Diopside Minerals  1104 1,99E-17    [66] 
2881 Diopside Minerals  1204 2,97E-16    [66] 
2882 Diopside Minerals  1251 9,35E-16    [66] 
2883 Diopside Minerals  800 5,60E-20    [66] 
2884 Diopside Minerals  1200 6,42E-17    [66] 
2885 Diopside Minerals  1300 3,21E-16    [66] 
2886 Diopside Minerals  1350 6,66E-16    [66] 
2887 Tremolite Minerals  650 1,17E-17    [66] 
2888 Tremolite Minerals  750 9,31E-17    [66] 
2889 Tremolite Minerals  800 2,28E-16    [66] 
2890 Hornblende Minerals  650 1,95E-17    [66] 
2891 Hornblende Minerals  750 1,73E-16    [66] 
2892 Hornblende Minerals  800 4,44E-16    [66] 
2893 Hornblende Minerals  800 4,05E-17    [66] 
2894 Hornblende Minerals  800 2,10E-17    [66] 
2895 Richterite Minerals  650 9,58E-18    [66] 
2896 Richterite Minerals  750 2,00E-16    [66] 
2897 Richterite Minerals  800 7,38E-16    [66] 
2898 Fosterite Minerals  1280 1,10E-14    [66] 
2899 Fosterite Minerals  1000 2,00E-16    [66] 
2900 Fosterite Minerals  1275 1,06E-15    [66] 
2901 Fosterite Minerals  1375 4,90E-15    [66] 
2902 Fosterite Minerals  1475 1,90E-14    [66] 
2903 Fosterite Minerals  1575 6,34E-14    [66] 
2904 Fosterite Minerals  1625 1,11E-13    [66] 
2905 Fosterite Minerals  1275 9,42E-16    [66] 
2906 Fosterite Minerals  1375 5,25E-15    [66] 
2907 Fosterite Minerals  1475 2,40E-14    [66] 
2908 Fosterite Minerals  1575 9,33E-14    [66] 
2909 Fosterite Minerals  1625 1,74E-13    [66] 
2910 Fosterite Minerals  1425 2,84E-14    [66] 
2911 Fosterite Minerals  1525 1,27E-13    [66] 
2912 Fosterite Minerals  1625 4,84E-13    [66] 
2913 Fosterite Minerals  1150 1,29E-16    [66] 
2914 Fosterite Minerals  1250 7,98E-16    [66] 
2915 Fosterite Minerals  1350 3,94E-15    [66] 
2916 Fosterite Minerals  1450 1,62E-14    [66] 
2917 Fosterite Minerals  1550 5,69E-14    [66] 
2918 Fosterite Minerals  1600 1,01E-13    [66] 
2919 Fosterite Minerals  1472 1,01E-14    [66] 
2920 Fosterite Minerals  1570 4,62E-14    [66] 
2921 Fosterite Minerals  1670 1,87E-13    [66] 
2922 Fosterite Minerals  1730 4,04E-13    [66] 
2923 Fosterite Minerals  1000 1,86E-19    [66] 
2924 Fosterite Minerals  1100 2,51E-18    [66] 
2925 Fosterite Minerals  1200 2,37E-17    [66] 
2926 Fosterite Minerals  1300 1,68E-16    [66] 
2927 Fosterite Minerals  1400 9,46E-16    [66] 
2928 Fosterite Minerals  1500 4,37E-15    [66] 
2929 Fosterite Minerals  1300 4,32E-16    [66] 
2930 Fosterite Minerals  1400 1,65E-15    [66] 
2931 Fosterite Minerals  1500 5,41E-15    [66] 
2932 Fosterite Minerals  1600 1,56E-14    [66] 
2933 Fosterite Minerals  1325 1,80E-11    [66] 
2934 Fosterite Minerals  1300 2,56E-11    [66] 
2935 Fosterite Minerals  1300 6,26E-15    [66] 
2936 Fo(0.9) Minerals  1300 4,31E-14    [66] 
2937 Fosterite Minerals  1100 2,76E-17    [66] 
2938 Fosterite Minerals  1200 8,15E-17    [66] 
2939 Zircon Minerals  1100 1,17E-17    [66] 
2940 Zircon Minerals  1200 1,69E-16    [66] 
2941 Zircon Minerals  1300 1,73E-15    [66] 
2942 Zircon Minerals  1400 1,34E-14    [66] 
2943 Zircon Minerals  1500 8,26E-14    [66] 
2944 Zircon Minerals  1100 5,55E-16    [66] 
2945 Zircon Minerals  1200 1,94E-15    [66] 
2946 Zircon Minerals  1300 5,76E-15    [66] 
2947 Zircon Minerals  1400 1,51E-14    [66] 
2948 Zircon Minerals  1500 3,53E-14    [66] 
2949 Titanite Minerals  700 2,32E-18    [66] 
2950 Titanite Minerals  800 4,33E-17    [66] 
2951 Titanite Minerals  900 4,90E-16    [66] 
2952 Hessonite Minerals  850 4,80E-17    [66] 
2953 Hessonite Minerals  1050 2,50E-16    [66] 
2954 Almandine Minerals  800 1,34E-19    [66] 
2955 Almandine Minerals  900 2,37E-18    [66] 
2956 Almandine Minerals  1000 2,68E-17    [66] 
2957 Y3Fe5O12 Garnet  1100 1,65E-11    [66] 
2958 Y3Fe5O12 Garnet  1200 8,35E-11    [66] 
2959 Y3Fe5O12 Garnet  1300 3,44E-10    [66] 
2960 Y3Fe5O12 Garnet  1400 1,20E-09    [66] 
2961 Y3Fe5O12 Garnet  1450 2,12E-09    [66] 
2962 Y3Fe5O12 Garnet  800 2,00E-17    [66] 
2963 Y3Fe5O12 Garnet  900 4,32E-16    [66] 
2964 Y3Fe5O12 Garnet  1000 5,77E-15    [66] 
2965 YAG Garnet  1060 9,66E-16    [66] 
2966 YAG Garnet  1150 6,17E-15    [66] 
2967 YAG Garnet  1250 3,74E-14    [66] 
2968 YAG Garnet  1350 1,82E-13    [66] 
2969 YAG Garnet  1450 7,36E-13    [66] 
2970 YAG Garnet  1550 2,56E-12    [66] 
2971 YAG Garnet  1190 1,33E-15    [66] 
2972 YAG Garnet  1290 6,96E-15    [66] 
2973 YAG Garnet  1390 2,99E-14    [66] 
2974 YAG Garnet  1490 1,09E-13    [66] 
2975 YAG Garnet  1290 5,86E-18    [66] 
2976 YAG Garnet  1410 3,08E-17    [66] 
2977 YAG Garnet  1140 8,54E-14    [66] 
2978 YAG Garnet  1240 4,54E-13    [66] 
2979 YAG Garnet  1340 1,96E-12    [66] 
2980 YAG Garnet  1440 7,15E-12    [66] 
2981 YAG Garnet  1100 1,16E-15    [66] 
2982 YAG Garnet  1200 7,09E-15    [66] 
2983 YAG Garnet  1300 3,43E-14    [66] 
2984 YAG Garnet  1385 1,13E-13    [66] 
2985 YAG Garnet  1100 2,01E-16    [66] 
2986 YAG Garnet  1200 9,77E-16    [66] 
2987 YAG Garnet  1300 3,88E-15    [66] 
2988 YAG Garnet  1385 1,10E-14    [66] 
2989 Yb3Fe5O12 Garnet  825 1,55E-13    [66] 
2990 Yb3Fe5O12 Garnet  925 2,87E-13    [66] 
2991 Yb3Fe5O12 Garnet  1025 4,81E-13    [66] 
2992 Yb3Fe5O12 Garnet  1125 7,50E-13    [66] 
2993 Yb3Fe5O12 Garnet  1100 3,18E-13    [66] 
2994 Yb3Fe5O12 Garnet  1200 6,64E-12    [66] 
2995 Yb3Fe5O12 Garnet  1300 9,41E-11    [66] 
2996 Yb3Fe5O12 Garnet  1400 9,72E-10    [66] 
2997 Mullite Minerals  1100 1,04E-17    [66] 
2998 Mullite Minerals  1200 1,10E-16    [66] 
2999 Mullite Minerals  1300 8,67E-16    [66] 
3000 Mullite Minerals  1400 5,32E-15    [66] 
3001 Ak0.5Gh0.5 Minerals  700 2,56E-13    [66] 
3002 Ak0.5Gh0.5 Minerals  800 1,29E-12    [66] 
3003 Ak0.5Gh0.5 Minerals  900 4,92E-12    [66] 
3004 Ak0.5Gh0.5 Minerals  1000 1,52E-11    [66] 
3005 Ak0.5Gh0.5 Minerals  1100 3,99E-11    [66] 
3006 Ak0.5Gh0.5 Minerals  1200 9,19E-11    [66] 
3007 Ak0.5Gh0.5 Minerals  1300 1,90E-10    [66] 
3008 Ak0.75Gh0.25 Minerals  700 4,91E-13    [66] 
3009 Ak0.75Gh0.25 Minerals  800 2,29E-12    [66] 
3010 Ak0.75Gh0.25 Minerals  900 8,18E-12    [66] 
3011 Ak0.75Gh0.25 Minerals  1000 2,40E-11    [66] 
3012 Ak0.75Gh0.25 Minerals  1100 6,01E-11    [66] 
3013 Ak0.75Gh0.25 Minerals  1200 1,33E-10    [66] 
3014 Ak0.75Gh0.25 Minerals  1300 2,66E-10    [66] 
3015 Akermanite Minerals  800 1,38E-20    [66] 
3016 Akermanite Minerals  900 1,97E-19    [66] 
3017 Akermanite Minerals  1000 1,84E-18    [66] 
3018 Akermanite Minerals  1100 1,25E-17    [66] 
3019 Akermanite Minerals  1200 6,52E-17    [66] 
3020 Akermanite Minerals  1300 2,76E-16    [66] 
3021 Akermanite Minerals  1000 1,42E-14    [66] 
3022 Akermanite Minerals  1100 6,23E-14    [66] 
3023 Akermanite Minerals  1200 2,24E-13    [66] 
3024 Akermanite Minerals  1300 6,83E-13    [66] 
3025 Akermanite Minerals  1000 3,42E-14    [66] 
3026 Akermanite Minerals  1100 2,69E-13    [66] 
3027 Akermanite Minerals  1200 1,60E-12    [66] 
3028 Akermanite Minerals  1300 7,60E-12    [66] 
3029 Gehlenite Minerals  1000 1,02E-15    [66] 
3030 Gehlenite Minerals  1100 3,66E-15    [66] 
3031 Gehlenite Minerals  1200 1,11E-14    [66] 
3032 Gehlenite Minerals  1300 2,91E-14    [66] 
3033 Calcite Minerals  650 2,74E-18    [66] 
3034 Calcite Minerals  750 5,91E-16    [66] 
3035 Calcite Minerals  850 4,89E-14    [66] 
3036 Calcite Minerals  400 2,63E-18    [66] 
3037 Calcite Minerals  500 1,43E-16    [66] 
3038 Calcite Minerals  600 3,13E-15    [66] 
3039 Calcite Minerals  700 3,62E-14    [66] 
3040 Calcite Minerals  800 2,66E-13    [66] 
3041 Calcite Minerals  900 9,00E-13    [66] 
3042 Calcite Minerals  900 2,00E-11    [66] 
3043 Calcite Minerals  600 2,50E-17    [66] 
3044 Calcite Minerals  700 7,67E-16    [66] 
3045 Calcite Minerals  800 1,25E-14    [66] 
3046 Dolomite Minerals  645 6,32E-17    [66] 
3047 Dolomite Minerals  745 3,28E-14    [66] 
3048 Dolomite Minerals  785 2,88E-13    [66] 
3049 Fluorapatite Minerals  550 8,81E-18    [66] 
3050 Fluorapatite Minerals  650 2,26E-16    [66] 
3051 Fluorapatite Minerals  750 3,08E-15    [66] 
3052 Fluorapatite Minerals  850 2,63E-14    [66] 
3053 Fluorapatite Minerals  950 1,58E-13    [66] 
3054 Fluorapatite Minerals  1050 7,26E-13    [66] 
3055 Fluorapatite Minerals  1150 2,69E-12    [66] 
3056 Fluorapatite Minerals  1200 4,84E-12    [66] 
3057 Fluorapatite Minerals  800 2,34E-17    [66] 
3058 Fluorapatite Minerals  900 7,74E-17    [66] 
3059 Fluorapatite Minerals  1000 2,13E-16    [66] 
3060 Fluorapatite Minerals  1100 5,05E-16    [66] 
3061 MgO Oxide  1100 1,17E-14    [66] 
3062 MgO Oxide  1200 5,22E-14    [66] 
3063 MgO Oxide  1300 1,93E-13    [66] 
3064 MgO Oxide  1400 6,10E-13    [66] 
3065 MgO Oxide  1100 3,37E-15    [66] 
3066 MgO Oxide  1200 1,51E-14    [66] 
3067 MgO Oxide  1300 5,58E-14    [66] 
3068 MgO Oxide  1400 1,76E-13    [66] 
3069 MgO Oxide  1020 9,29E-17    [66] 
3070 MgO Oxide  1120 4,40E-16    [66] 
3071 MgO Oxide  1220 1,69E-15    [66] 
3072 MgO Oxide  1320 5,50E-15    [66] 
3073 MgO Oxide  1420 1,56E-14    [66] 
3074 MgO Oxide  1520 3,91E-14    [66] 
3075 MgO Oxide  1020 1,06E-17    [66] 
3076 MgO Oxide  1120 5,69E-17    [66] 
3077 MgO Oxide  1220 2,44E-16    [66] 
3078 MgO Oxide  1280 4,66E-15    [66] 
3079 MgO Oxide  1330 1,30E-14    [66] 
3080 MgO Oxide  1430 8,51E-14    [66] 
3081 MgO Oxide  1500 9,32E-10    [66] 
3082 MgO Oxide  1600 6,49E-09    [66] 
3083 MgO Oxide  1700 3,71E-08    [66] 
3084 MgO Oxide  1750 8,33E-08    [66] 
3085 MgO Oxide  1307 1,12E-16    [66] 
3086 MgO Oxide  1407 5,96E-16    [66] 
3087 MgO Oxide  1507 2,64E-15    [66] 
3088 MgO Oxide  1547 4,57E-15    [66] 
3089 MgO Oxide  1000 2,69E-19    [66] 
3090 MgO Oxide  1100 2,31E-18    [66] 
3091 MgO Oxide  1200 1,48E-17    [66] 
3092 MgO Oxide  1300 7,51E-17    [66] 
3093 MgO Oxide  1400 3,13E-16    [66] 
3094 MgO Oxide  1500 1,11E-15    [66] 
3095 MgO Oxide  1600 3,45E-15    [66] 
3096 MgO Oxide  1650 5,81E-15    [66] 
3097 MgO Oxide  1300 4,45E-17    [66] 
3098 MgO Oxide  1400 2,60E-16    [66] 
3099 MgO Oxide  1500 1,24E-15    [66] 
3100 MgO Oxide  845 4,08E-20    [66] 
3101 MgO Oxide  945 2,01E-19    [66] 
3102 MgO Oxide  974 3,05E-19    [66] 
3103 Corundum Oxide  1580 9,57E-29    [66] 
3104 Corundum Oxide  1680 1,31E-27    [66] 
3105 Corundum Oxide  1780 1,40E-26    [66] 
3106 Corundum Oxide  1830 4,18E-26    [66] 
3107 Corundum Oxide  1585 4,93E-17    [66] 
3108 Corundum Oxide  1685 6,64E-16    [66] 
3109 Corundum Oxide  1785 6,95E-15    [66] 
3110 Corundum Oxide  1835 2,07E-14    [66] 
3111 Corundum Oxide  1650 1,07E-20    [66] 
3112 Corundum Oxide  1750 7,65E-20    [66] 
3113 Corundum Oxide  1780 1,33E-19    [66] 
3114 Corundum Oxide  1400 5,68E-16    [66] 
3115 Corundum Oxide  1500 1,51E-15    [66] 
3116 Corundum Oxide  1600 3,61E-15    [66] 
3117 Corundum Oxide  1650 5,40E-15    [66] 
3118 Sapphire Oxide  1477 1,17E-16    [66] 
3119 Sapphire Oxide  1577 1,15E-15    [66] 
3120 Sapphire Oxide  1677 8,94E-15    [66] 
3121 Corundum Oxide  1220 1,74E-20    [66] 
3122 Corundum Oxide  1320 3,41E-19    [66] 
3123 Corundum Oxide  1420 4,71E-18    [66] 
3124 Corundum Oxide  1470 1,56E-17    [66] 
3125 Corundum Oxide  1500 3,78E-17    [66] 
3126 Corundum Oxide  1600 3,78E-16    [66] 
3127 Corundum Oxide  1700 3,00E-15    [66] 
3128 Corundum Oxide  1720 4,42E-15    [66] 
3129 Y-Al2O3 Oxide  1110 3,50E-21    [66] 
3130 Y-Al2O3 Oxide  1210 1,11E-19    [66] 
3131 Y-Al2O3 Oxide  1310 2,28E-18    [66] 
3132 Y-Al2O3 Oxide  1410 3,28E-17    [66] 
3133 Y-Al2O3 Oxide  1510 3,49E-16    [66] 
3134 Y-Al2O3 Oxide  1610 2,88E-15    [66] 
3135 Rutile Oxide  806 3,20E-16    [66] 
3136 Rutile Oxide  806 1,70E-15    [66] 
3137 Rutile Oxide  1000 2,15E-16    [66] 
3138 Rutile Oxide  966 6,78E-17    [66] 
3139 Rutile Oxide  877 1,35E-14    [66] 
3140 Rutile Oxide  977 1,11E-13    [66] 
3141 Rutile Oxide  1077 6,61E-13    [66] 
3142 Rutile Oxide  1177 3,09E-12    [66] 
3143 Rutile Oxide  900 6,27E-15    [66] 
3144 Rutile Oxide  1000 6,10E-14    [66] 
3145 Rutile Oxide  1100 4,26E-13    [66] 
3146 Rutile Oxide  1200 2,29E-12    [66] 
3147 Rutile Oxide  600 1,70E-16    [66] 
3148 Rutile Oxide  1050 3,20E-15    [66] 
3149 Rutile Oxide  600 9,09E-18    [66] 
3150 Rutile Oxide  700 9,91E-17    [66] 
3151 Rutile Oxide  800 6,92E-16    [66] 
3152 Rutile Oxide  900 3,47E-15    [66] 
3153 Rutile Oxide  1000 1,35E-14    [66] 
3154 Rutile Oxide  1100 4,32E-14    [66] 
3155 Rutile Oxide  600 7,95E-19    [66] 
3156 Rutile Oxide  700 9,50E-18    [66] 
3157 Rutile Oxide  800 7,14E-17    [66] 
3158 Rutile Oxide  900 3,81E-16    [66] 
3159 Rutile Oxide  1000 1,56E-15    [66] 
3160 Rutile Oxide  1100 5,21E-15    [66] 
3161 Rutile Oxide  750 8,37E-18    [66] 
3162 Rutile Oxide  850 2,65E-16    [66] 
3163 Rutile Oxide  950 4,76E-15    [66] 
3164 Rutile Oxide  1000 1,70E-14    [66] 
3165 Rutile Oxide  750 3,16E-16    [66] 
3166 Rutile Oxide  850 4,71E-15    [66] 
3167 Rutile Oxide  950 4,51E-14    [66] 
3168 Rutile Oxide  1000 1,22E-13    [66] 
3169 CaTiO2 Perovskite 900 5,78E-14     
3170 CaTiO2 Perovskite 1000 7,19E-13     
3171 CaTiO2 Perovskite 1100 6,19E-12     
3172 CaTiO2 Perovskite 1200 3,98E-11     
3173 CaTiO2 Perovskite 1300 2,02E-10     
3174 MgAl2O4 Spinel  1432 3,17E-14    [66] 
3175 MgAl2O4 Spinel  1532 1,76E-13    [66] 
3176 MgAl2O4 Spinel  1632 8,18E-13    [66] 
3177 MgAl2O4 Spinel  1732 3,26E-12    [66] 
3178 MgAl2.4O4.6 Spinel  1501 1,99E-13    [66] 
3179 MgAl2.4O4.6 Spinel  1601 9,89E-13    [66] 
3180 MgAl2.4O4.6 Spinel  1701 4,17E-12    [66] 
3181 MgAl2O4 Spinel  1415 4,36E-19    [66] 
3182 MgAl2O4 Spinel  1515 2,80E-18    [66] 
3183 MgAl2O4 Spinel  1615 1,48E-17    [66] 
3184 MgAl2O4 Spinel  1665 3,19E-17    [66] 
3185 MgAl2O5 Spinel  1135 4,20E-21    [66] 
3186 MgAl2O5 Spinel  1235 2,16E-20    [66] 
3187 MgAl2O5 Spinel  1305 6,01E-20    [66] 
3188 MgFe2O4 Spinel  1135 1,03E-17    [66] 
3189 MgFe2O4 Spinel  1235 6,62E-17    [66] 
3190 MgFe2O4 Spinel  1305 2,11E-16    [66] 
3191 MgFeO5 Spinel  985 3,00E-18    [66] 
3192 MgFeO5 Spinel  1035 5,37E-18    [66] 
3193 MgFeO5 Spinel  1085 9,20E-18    [66] 
3194 Magnetite Oxide  302 1,12E-20    [66] 
3195 Magnetite Oxide  402 1,01E-19    [66] 
3196 Magnetite Oxide  502 5,17E-19    [66] 
3197 Magnetite Oxide  552 1,01E-18    [66] 
3198 Magnetite Oxide  500 6,64E-19    [66] 
3199 Magnetite Oxide  600 1,90E-17    [66] 
3200 Magnetite Oxide  700 2,73E-16    [66] 
3201 Magnetite Oxide  800 2,39E-15    [66] 
3202 Magnetite Oxide  500 2,39E-23    [66] 
3203 Magnetite Oxide  550 1,75E-22    [66] 
3204 Magnetite Oxide  600 1,02E-21    [66] 
3205 Magnetite Oxide  650 4,94E-21    [66] 
3206 Hematite Oxide  852 9,92E-21    [66] 
3207 Hematite Oxide  952 3,40E-19    [66] 
3208 Hematite Oxide  1052 6,83E-18    [66] 
3209 Wustite Oxide  700 8,26E-17    [66] 
3210 Wustite Oxide  800 2,24E-15    [66] 
3211 Wustite Oxide  900 3,46E-14    [66] 
3212 Wustite Oxide  1000 3,48E-13    [66] 
3213 Wustite Oxide  1100 2,50E-12    [66] 
3214 Wustite Oxide  1150 6,05E-12    [66] 
3215 Wustite Oxide  700 2,96E-15    [66] 
3216 Wustite Oxide  800 5,33E-14    [66] 
3217 Wustite Oxide  900 5,86E-13    [66] 
3218 Wustite Oxide  1000 4,42E-12    [66] 
3219 Wustite Oxide  1100 2,48E-11    [66] 
3220 Wustite Oxide  1150 5,37E-11    [66] 
3221 Wustite Oxide  700 6,74E-15    [66] 
3222 Wustite Oxide  800 9,09E-14    [66] 
3223 Wustite Oxide  900 7,86E-13    [66] 
3224 Wustite Oxide  1000 4,84E-12    [66] 
3225 Wustite Oxide  1100 2,29E-11    [66] 
3226 Wustite Oxide  1150 4,59E-11    [66] 
3227 Wustite Oxide  700 1,37E-14    [66] 
3228 Wustite Oxide  800 1,69E-13    [66] 
3229 Wustite Oxide  900 1,36E-12    [66] 
3230 Wustite Oxide  1000 7,88E-12    [66] 
3231 Wustite Oxide  1100 3,53E-11    [66] 
3232 Wustite Oxide  1150 6,91E-11    [66] 
3233 Wustite Oxide  700 3,20E-15    [66] 
3234 Wustite Oxide  700 2,10E-15    [66] 
3235 Wustite Oxide  700 3,22E-15    [66] 
3236 Cr2O3 Oxide  1100 3,80E-18    [66] 
3237 Cr2O3 Oxide  1300 6,59E-17    [66] 
3238 ZnO Oxide  940 5,49E-16    [66] 
3239 ZnO Oxide  1040 1,40E-15    [66] 
3240 ZnO Oxide  1140 3,13E-15    [66] 
3241 ZnO Oxide  1040 4,80E-15    [66] 
3242 CoO Oxide  1175 2,39E-13    [66] 
3243 CoO Oxide  1275 2,01E-12    [66] 
3244 CoO Oxide  1375 1,31E-11    [66] 
3245 CoO Oxide  1475 6,86E-11    [66] 
3246 CoO Oxide  1575 3,01E-10    [66] 
3247 ZrO2 Fluorite  600 1,09E-13    [66] 
3248 ZrO2 Fluorite  700 1,59E-12    [66] 
3249 ZrO2 Fluorite  800 1,41E-11    [66] 
3250 ZrO2 Fluorite  900 8,63E-11    [66] 
3251 ZrO2 Fluorite  1000 3,97E-10    [66] 
3252 ZrO2 Fluorite  450 2,76E-19    [66] 
3253 ZrO2 Fluorite  550 2,40E-17    [66] 
3254 ZrO2 Fluorite  650 7,91E-16    [66] 
3255 ZrO2 Fluorite  750 1,32E-14    [66] 
3256 ZrO2 Fluorite  850 1,33E-13    [66] 
3257 ZrO2 Fluorite  950 9,21E-13    [66] 
3258 Y-ZRO2 Fluorite  450 1,51E-10    [66] 
3259 Y-ZRO2 Fluorite  550 1,29E-09    [66] 
3260 Y-ZRO2 Fluorite  650 6,93E-09    [66] 
3261 Y-ZRO2 Fluorite  750 2,68E-08    [66] 
3262 Y-ZRO2 Fluorite  850 8,14E-08    [66] 
3263 Y-ZRO2 Fluorite  950 2,06E-07    [66] 
3264 Y-ZRO2 Fluorite  1050 4,54E-07    [66] 
3265 UO2 Oxide  778 1,22E-13    [66] 
3266 UO2 Oxide  878 1,43E-12    [66] 
3267 UO2 Oxide  978 1,14E-11    [66] 
3268 UO2 Oxide  1078 6,66E-11    [66] 
3269 UO2 Oxide  1178 3,05E-10    [66] 
3270 UO2 Oxide  1248 7,86E-10    [66] 
3271 UO2.006 Oxide  400 7,69E-12    [66] 
3272 UO2.006 Oxide  500 5,85E-11    [66] 
3273 UO2.006 Oxide  600 2,79E-10    [66] 
3274 UO2.006 Oxide  700 9,68E-10    [66] 
3275 UO2.006 Oxide  800 2,66E-09    [66] 
3276 UO2.006 Oxide  900 6,16E-09    [66] 
3277 UO2.02 Oxide  400 1,54E-11    [66] 
3278 UO2.02 Oxide  500 1,17E-10    [66] 
3279 UO2.02 Oxide  600 5,59E-10    [66] 
3280 UO2.02 Oxide  700 1,94E-09    [66] 
3281 UO2.02 Oxide  800 5,32E-09    [66] 
3282 UO2.1 Oxide  500 2,28E-10    [66] 
3283 UO2.1 Oxide  600 1,13E-09    [66] 
3284 UO2.1 Oxide  700 4,03E-09    [66] 
3285 UO2.1 Oxide  800 1,14E-08    [66] 
3286 ThO2 Oxide  1200 2,26E-09    [66] 
3287 ThO2 Oxide  1300 6,68E-09    [66] 
3288 ThO2 Oxide  1400 1,74E-08    [66] 
3289 ThO2 Oxide  1500 4,05E-08    [66] 
3290 ThO2 Oxide  1600 8,62E-08    [66] 
3291 ThO2 Oxide  845 3,64E-10    [66] 
3292 ThO2 Oxide  945 6,98E-10    [66] 
3293 ThO2 Oxide  1045 1,21E-09    [66] 
3294 ThO2 Oxide  1145 1,95E-09    [66] 
3323 NiO Oxide # 1590 1,97E-06    [67] 
3324 NiO Oxide # 1590 1,47E-06    [67] 
3325 NiO Oxide # 1590 1,31E-06    [67] 
3326 NiO Oxide # 1500 7,11E-07    [67] 
3327 NiO Oxide # 1500 5,09E-07    [67] 
3328 NiO Oxide # 1500 3,86E-07    [67] 
3329 NiO Oxide # 1380 3,45E-07    [67] 
3330 NiO Oxide # 1430 3,26E-07    [67] 
3331 NiO Oxide # 1340 2,29E-07    [67] 
3332 NiO Oxide # 1190 5,71E-08    [67] 
3333 NiO Oxide # 1260 5,92E-08    [67] 
3334 NiO Oxide # 1540 1,27E-07    [67] 
3335 NiO Oxide # 1490 5,11E-08    [67] 
3336 NiO Oxide # 1440 6,04E-08    [67] 
3337 NiO Oxide # 1400 7,68E-08    [67] 
3338 NiO Oxide # 1400 1,03E-07    [67] 
3339 NiO Oxide # 1310 1,24E-07    [67] 
3340 NiO Oxide # 1340 1,61E-07    [67] 
3341 NiO Oxide # 1340 9,77E-08    [67] 
3342 NiO Oxide # 1320 8,27E-08    [67] 
3343 NiO Oxide # 1300 5,71E-08    [67] 
3348 Cr2O3 Oxide IE 1100 3,75E-08    [68] 
3349 Cr2O3 Oxide IE 1100 2,51E-08    [68] 
3350 Cr2O3 Oxide IE 1100 2,75E-08    [68] 
3351 Cr2O3 Oxide IE 1100 3,00E-08    [68] 
3352 Cr2O3 Oxide IE 1100 3,83E-08    [68] 
3353 Cr2O3 Oxide IE 1300 9,51E-08    [68] 
3354 Cr2O3 Oxide IE 1100 2,78E-08    [68] 
3355 Al2O3 Oxide # 1720 4,60E-15    [68] 
3356 Al2O3 Oxide # 1685 3,20E-15    [68] 
3357 Al2O3 Oxide # 1661 1,34E-15    [68] 
3358 Al2O3 Oxide # 1631 5,59E-16    [68] 
3359 Al2O3 Oxide # 1633 1,00E-15    [68] 
3360 Al2O3 Oxide # 1601 3,61E-16    [68] 
3361 Al2O3 Oxide # 1580 2,02E-16    [68] 
3362 Al2O3 Oxide # 1569 2,17E-16    [68] 
3363 Al2O3 Oxide # 1570 3,89E-16    [68] 
3364 Al2O3 Oxide # 1549 9,76E-17    [68] 
3365 Al2O3 Oxide # 1520 5,07E-17    [68] 
3366 Al2O3 Oxide # 1501 4,39E-17    [68] 
3367 Al2O3 Oxide # 1719 3,87E-15    [68] 
3368 Al2O3 Oxide # 1697 2,16E-15    [68] 
3369 Al2O3 Oxide # 1653 1,10E-15    [68] 
3370 Al2O3 Oxide # 1611 4,16E-16    [68] 
3371 Al2O3 Oxide # 1575 2,11E-16    [68] 
3372 Al2O3 Oxide # 1546 9,71E-17    [68] 
3373 Al2O3 Oxide # 1521 5,98E-17    [68] 
3374 Al2O3 Oxide # 1508 3,68E-17    [68] 
3375 Cr2O3 Oxide # 1299 6,80E-17    [68] 
3376 Cr2O3 Oxide # 1264 5,11E-17    [68] 
3377 Cr2O3 Oxide # 1214 2,60E-17    [68] 
3378 Cr2O3 Oxide # 1147 1,10E-17    [68] 
3379 Cr2O3 Oxide # 1102 9,10E-18    [68] 
3380 Cr2O3 Oxide # 1102 4,60E-18    [68] 
3381 SiO2 Oxide # 1502 4,26E-13    [68] 
3382 SiO2 Oxide # 1455 2,63E-13    [68] 
3383 SiO2 Oxide # 1395 4,60E-14    [68] 
3384 SiO2 Oxide # 1331 9,75E-15    [68] 
3385 SiO2 Oxide # 1240 3,39E-15    [68] 
3386 Cr2O3 Oxide # 900 1,68E-15    [68] 
3387 Cr2O3 Oxide # 1100 1,00E-19    [68] 
3388 Cr2O3 Oxide # 900 8,80E-18    [68] 
3389 Cr2O3 Oxide # 900 1,20E-17    [68] 
3390 Cr2O3 Oxide # 900 1,30E-17    [68] 
3391 Cr2O3 Oxide # 900 7,40E-18    [68] 
3392 Cr2O3 Oxide # 900 8,10E-18    [68] 
3393 Cr2O3 Oxide # 900 8,30E-19    [68] 
3394 Cr2O3 Oxide # 900 3,40E-19    [68] 
3395 Cr2O3 Oxide # 900 2,60E-19    [68] 
3396 Cr2O3 Oxide # 900 4,00E-20    [68] 
3397 Cr2O3 Oxide # 900 2,00E-17    [68] 
3398 Cr2O3 Oxide # 900 8,40E-18    [68] 
3399 Cr2O3 Oxide # 900 8,90E-18    [68] 
3400 Cr2O3 Oxide # 900 5,10E-18    [68] 
3401 Cr2O3 Oxide # 951 4,61E-16    [68] 
3402 Cr2O3 Oxide # 903 3,35E-16    [68] 
3403 Cr2O3 Oxide # 799 2,31E-16    [68] 
3404 Cr2O3 Oxide # 1300 9,45E-17    [68] 
3405 Cr2O3 Oxide # 1103 6,40E-17    [68] 
3406 Cr2O3 Oxide # 1106 5,40E-17    [68] 
3407 Cr2O3 Oxide # 956 3,04E-17    [68] 
3408 Cr2O3 Oxide # 803 7,88E-18    [68] 
3409 Cr2O3 Oxide # 903 1,72E-17    [68] 
3410 Cr2O3 Oxide # 949 4,61E-16    [68] 
3411 Cr2O3 Oxide # 901 3,35E-16    [68] 
3412 Cr2O3 Oxide # 797 2,31E-16    [68] 
3413 30CaO-10Al2O3-60SiO2(wt) Glass IM 1500 9,10E-08    [69] 
3414 25CaO-20Al2O3-55SiO2(wt) Glass IM 1500 8,50E-08    [69] 
3415 20CaO-15Al2O3-65SiO2(wt) Glass IM 1500 3,10E-08    [69] 
3416 25CaO-10Al2O3-65SiO2(wt) Glass IM 1500 6,60E-08    [69] 
3417 30CaO-15Al2O3-55SiO2(wt) Glass IM 1500 1,31E-07    [69] 
3418 20CaO-20Al2O3-60SiO2(wt) Glass IM 1500 3,70E-08    [69] 
3419 25CaO-15Al2O3-60SiO2(wt) Glass IM 1500 7,40E-08    [69] 
3420 35CaO-20Al2O3-45SiO2(wt) Glass IM 1500 3,40E-07    [69] 
3421 40CaO-20Al2O3-40SiO2(wt) Glass IM 1500 3,80E-07    [69] 
3422 30CaO-20Al2O3-50SiO2(wt) Glass IM 1500 1,38E-07    [69] 
3423 Fe3O4 Oxide 17IE 1150 1,08E-10    [70] 
3424 Fe3O4 Oxide 17IE 1150 3,11E-11    [70] 
3425 Fe3O4 Oxide 17IE 1150 1,89E-11    [70] 
3426 Fe3O4 Oxide 17IE 1150 1,48E-11    [70] 
3427 Fe3O4 Oxide 17IE 1150 1,88E-11    [70] 
3428 Fe3O4 Oxide 17IE 1150 2,37E-11    [70] 
3429 Fe3O4 Oxide IE 1150 1,08E-10    [70] 
3430 Fe3O4 Oxide IE 1150 3,66E-11    [70] 
3431 Fe3O4 Oxide IE 1150 3,05E-11    [70] 
3432 Fe3O4 Oxide IE 1150 2,22E-11    [70] 
3433 Fe3O4 Oxide IE 1150 1,39E-11    [70] 
3434 Fe3O4 Oxide IE 1150 1,42E-11    [70] 
3435 Fe3O4 Oxide IE 1150 2,07E-11    [70] 
3436 Fe3O4 Oxide IE 1150 2,30E-11    [70] 
3437 ZnO Oxide TLM 1392 2,61E-09    [71] 
3438 ZnO Oxide TLM 1392 1,87E-09    [71] 
3439 ZnO Oxide TLM 1397 6,23E-10    [71] 
3440 ZnO Oxide TLM 1348 1,33E-10    [71] 
3441 ZnO Oxide TLM 1277 8,57E-11    [71] 
3442 ZnO Oxide TLM 1316 5,00E-10    [71] 
3443 ZnO Oxide TLM 1099 2,55E-11    [71] 
3444 ZnO Oxide TLM 1099 1,47E-11    [71] 
3445 ZnO Oxide TLM 1009 3,51E-12    [71] 
3446 ZnO Oxide TLM 961 3,47E-13    [71] 
3447 ZnO Oxide TLM 951 1,29E-13    [71] 
3448 ZnO Oxide TLM 905 5,40E-13    [71] 
3449 ZnO Oxide TLM 851 4,28E-14    [71] 
3450 ZnO Oxide TLM 797 1,98E-14    [71] 
3451 ZnO Oxide GIE 1022 3,14E-12    [72] 
3452 ZnO Oxide GIE 999 1,81E-12    [72] 
3453 ZnO Oxide GIE 980 1,05E-12    [72] 
3454 ZnO Oxide GIE 958 6,02E-13    [72] 
3455 ZnO Oxide GIE 931 3,47E-13    [72] 
3456 ZnO Oxide GIE 910 2,50E-13    [72] 
3457 ZnO Oxide TLM 1233 5,46E-12    [73] 
3458 ZnO Oxide TLM 1130 1,17E-12    [73] 
3459 ZnO Oxide TLM 1083 1,17E-12    [73] 
3460 ZnO Oxide TLM 1065 4,33E-13    [73] 
3461 ZnO Oxide TLM 1036 6,02E-13    [73] 
3462 ZnO Oxide TLM 999 3,47E-13    [73] 
3463 ZnO Oxide TLM 999 6,73E-13    [73] 
3464 ZnO Oxide TLM 1146 6,09E-12    [74] 
3465 ZnO Oxide TLM 1091 2,02E-12    [74] 
3466 ZnO Oxide TLM 1068 3,47E-13    [74] 
3467 ZnO Oxide TLM 1009 6,73E-13    [74] 
3468 ZnO Oxide TLM 979 2,00E-13    [74] 
3469 ZnO Oxide TLM 980 6,02E-13    [74] 
3470 ZnO Oxide TLM 945 1,15E-13    [74] 
3471 ZnO Oxide TLM 919 1,15E-13    [74] 
3472 ZnO Oxide TLM 896 2,00E-13    [74] 
3473 ZnO Oxide TLM 853 6,65E-14    [74] 
3474 ZnO Oxide TLM 761 2,76E-14    [74] 
3475 ZnO Oxide SIMS 1022 5,34E-14    [75] 
3476 ZnO Oxide SIMS 848 5,22E-16    [75] 
3477 ZnO Oxide TLM 1385 9,46E-12    [76] 
3478 ZnO Oxide TLM 1295 2,26E-12    [76] 
3479 ZnO Oxide TLM 1271 4,38E-12    [76] 
3480 ZnO Oxide TLM 1251 1,30E-12    [76] 
3481 ZnO Oxide TLM 1206 2,52E-12    [76] 
3482 ZnO Oxide TLM 1154 4,83E-13    [76] 
3483 ZnO Oxide TLM 1002 5,96E-14    [76] 
3484 ZnO Oxide TLM 1026 4,78E-14    [76] 
3485 ZnO Oxide TLM 933 3,43E-14    [76] 
3486 ZnO Oxide TLM 930 1,59E-14    [76] 
3494 Al2O3 Oxide IE 1601 4,38E-14    [77] 
3495 Al2O3 Oxide IE 1577 1,79E-14    [77] 
3496 Al2O3 Oxide IE 1550 1,79E-14    [77] 
3497 Al2O3 Oxide IE 1499 9,27E-15    [77] 
3498 Al2O3 Oxide IE 1601 9,33E-15    [77] 
3499 Al2O3 Oxide IE 1651 1,80E-14    [77] 
3500 Al2O3 Oxide IE 1677 1,76E-14    [77] 
3501 Al2O3 Oxide IE 1700 4,29E-14    [77] 
3502 Al2O3 Oxide IE 1800 4,31E-14    [77] 
3503 Al2O3 Oxide IE 1751 1,81E-14    [77] 
3504 Al2O3 Oxide IE 1776 1,82E-14    [77] 
3505 Al2O3 Oxide IE 1700 9,14E-15    [77] 
3506 Al2O3 Oxide IE 1850 4,21E-14    [77] 
3507 Al2O3 Oxide IE 1825 1,73E-14    [77] 
3508 Al2O3 Oxide IE 1749 8,93E-15    [77] 
3509 Al2O3 Oxide IE 1804 1,87E-14    [77] 
3510 Al2O3 Oxide IE 1776 1,22E-14    [77] 
3511 Al2O3 Oxide IE 1749 6,70E-15    [77] 
3512 Al2O3 Oxide IE 1703 4,06E-15    [77] 
3575 La0.65Sr0.35MnO3 Perovskite SIMS 900 3,00E-13  9,00E-06  [78] 
3576 La0.6Ca0.4Fe0.2Co0.8O3 Perovskite SIMS 800   2,00E-03  [78] 
3577 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 1300   8,07E-04  [79] 
3578 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 1300   4,84E-04  [79] 
3579 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 1204   2,84E-04  [79] 
3580 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 1100 3,03E-09  1,62E-04  [79] 
3581 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 1006   2,99E-05  [79] 
3582 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 947 2,32E-09    [79] 
3583 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 900   4,27E-05  [79] 
3584 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 900 1,33E-09  1,80E-05  [79] 
3585 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 900 8,95E-10  1,71E-05  [79] 
3586 CeO2-Al160ppm-Fe30ppm-Mg113ppm-Si140ppm Fluorite SIMS 803   3,25E-06  [79] 
3587 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1309 1,07E-07  6,68E-04  [80] 
3588 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1300 9,14E-08    [80] 
3589 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1252   3,91E-04  [80] 
3590 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1204 3,27E-08  4,36E-04  [80] 
3591 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1154   1,45E-04  [80] 
3592 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1100 8,49E-09  1,34E-04  [80] 
3593 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1104   1,20E-04  [80] 
3594 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 1050   1,54E-04  [80] 
3595 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 997 2,59E-09    [80] 
3596 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 897 6,25E-10    [80] 
3597 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 897 5,13E-10    [80] 
3598 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 951   3,92E-05  [80] 
3599 CeO2-Al700ppm-Fe4ppm-Mg3ppm-Si2400ppm Fluorite GIE 799 2,54E-10    [80] 
3600 LaCoO3 Perovskite Per 1000 2,14E-08    [81] 
3601 LaCoO3 Perovskite Per 1000 1,95E-08    [81] 
3602 LaCoO3 Perovskite Per 1000 1,84E-08    [81] 
3605 LaCoO3 Perovskite Per 1000 1,72E-08    [81] 
3606 LaCoO3 Perovskite Per 1000 1,97E-08    [81] 
3607 LaCoO3 Perovskite Per 1000 1,91E-08    [81] 
3609 LaCoO3 Perovskite Per 1000 1,78E-08    [81] 
3610 LaCoO3 Perovskite Per 1000 1,66E-08    [81] 
3611 LaCoO3 Perovskite Per 1000 1,55E-08    [81] 
3612 LaCoO3 Perovskite Per 1000 1,41E-08    [81] 
3613 LaCoO3 Perovskite Per 1000 6,53E-09    [81] 
3614 LaCoO3 Perovskite Per 1000 3,47E-09    [81] 
3615 LaCoO3 Perovskite Per 1000 1,99E-09    [81] 
3616 LaCoO3 Perovskite Per 1000 1,23E-09    [81] 
3617 LaCoO3 Perovskite Per 1000 9,64E-10    [81] 
3618 LaCoO3 Perovskite Per 950 2,06E-09    [59] 
3619 LaCoO3 Perovskite Per 950 1,60E-09    [59] 
3620 LaCoO3 Perovskite Per 950 1,33E-09    [59] 
3621 LaCoO3 Perovskite Per 950 1,18E-09    [59] 
3626 La0.8Sr0.2MnO3 Perovskite # 900 9,40E-14  2,00E-08  [5] 
3627 YSZ Fluorite # 900 1,90E-07  1,10E-06  [82] 
3628 La0.8Sr0.2MnO3 Perovskite # 700 3,20E-16  1,00E-09  [5] 
3629 YSZ Fluorite # 700 3,50E-08  9,40E-09  [82] 
3630 YSZ Fluorite # 700 3,50E-08  9,40E-07  [83] 
3631 LSCF Perovskite # 700 7,20E-09  6,10E-07  [37] 
3632 CGO Fluorite # 700 1,40E-07  2,00E-09  [84] 
3633 CGO Fluorite # 700 1,40E-07  2,00E-07  [83] 
3634 LSCF Perovskite # 500 1,90E-11  2,10E-08  [37] 
3635 CGO Fluorite # 500 2,00E-08  4,00E-10  [84] 
3636 CGO Fluorite # 500 2,00E-08  4,00E-06  [83] 
3637 Ce0.9Gd0.1O1.95 Fluorite # 700   1,00E-09  [84] 
3638 Ce0.9Gd0.1O1.9 Fluorite # 700   2,00E-08  [84] 
3639 Ce0.8Gd0.18Pr0.02O1.9 Fluorite # 700   3,00E-08  [84] 
3640 Ce0.69Gd0.31O1.845 Fluorite # 700   1,00E-08  [84] 
3641 Ce0.8Y0.2O1.9 Fluorite # 700   1,00E-08  [35] 
3642 Ce0.988Nb0.012O2.006 Fluorite # 900   7,00E-07  [85] 
3643 Ce0.9Gd0.1O1.95 Fluorite # 900   2,00E-07  [84] 
3644 Diopside Minerals # 1639 8,09E-07    [86] 
3645 Diopside Minerals # 1647 4,88E-07    [86] 
3646 Diopside Minerals # 1594 4,88E-07    [86] 
3647 Diopside Minerals # 1543 4,88E-07    [86] 
3648 Diopside Minerals # 1998 9,00E-06    [86] 
3649 Diopside Minerals # 1884 6,15E-06    [86] 
3650 Diopside Minerals # 1790 2,23E-06    [86] 
3651 Diopside Minerals # 1438 4,30E-07    [86] 
3652 Diopside Minerals # 1482 1,77E-07    [86] 
3653 Diopside Minerals # 1432 1,77E-07    [86] 
3654 Diopside Minerals # 1396 1,07E-07    [86] 
3655 Diopside Minerals # 1394 4,98E-08    [86] 
3656 12%MgO-88%ZrO2 Fluorite # 1703 2,42E-06    [87] 
3657 12%MgO-88%ZrO2 Fluorite # 1655 1,76E-06    [87] 
3658 12%MgO-88%ZrO2 Fluorite # 1592 1,78E-06    [87] 
3659 12%MgO-88%ZrO2 Fluorite # 1480 1,44E-06    [87] 
3660 12%MgO-88%ZrO2 Fluorite # 1383 9,68E-07    [87] 
3661 12%MgO-88%ZrO2 Fluorite # 1254 4,62E-07    [87] 
3662 12%MgO-88%ZrO2 Fluorite # 1160 1,73E-07    [87] 
3663 14%MgO-86%ZrO2 Fluorite # 1694 1,85E-06    [87] 
3664 16%MgO-84%ZrO2 Fluorite # 1693 2,18E-06    [87] 
3665 16%MgO-84%ZrO2 Fluorite # 1481 1,23E-06    [87] 
3666 16%MgO-84%ZrO2 Fluorite # 1289 3,27E-07    [87] 
3667 La2NiO4 K2NiF4 Per 1000 4,80E-07    [88] 
3668 La2NiO4 K2NiF4 Per 950 4,20E-07    [88] 
3669 La2NiO4 K2NiF4 Per 900 3,60E-07    [88] 
3670 La2NiO4 K2NiF4 Per 850 2,80E-07    [88] 
3671 La0.9Sr0.1FeO3 Perovskite 1099 4,30E-08  1,23E-05  [55] 
3672 La0.9Sr0.1FeO3 Perovskite 1049 3,55E-08  5,34E-06  [55] 
3673 La0.9Sr0.1FeO3 Perovskite 999 1,56E-08  2,79E-06  [55] 
3674 La0.9Sr0.1FeO3 Perovskite 950 7,58E-09  1,51E-06  [55] 
3675 La0.9Sr0.1FeO3 Perovskite 899 4,91E-09  7,58E-07  [55] 
3676 La0.6Sr0.4Co0.6Fe0.4O3 Perovskite 983 2,56E-07    [89] 
3677 La0.6Sr0.4Co0.6Fe0.4O3 Perovskite 930 1,58E-07    [89] 
3678 La0.6Sr0.4Co0.6Fe0.4O3 Perovskite 881 9,76E-08    [89] 
3679 La0.6Sr0.4Co0.6Fe0.4O3 Perovskite 834 4,97E-08    [89] 
3680 La0.6Sr0.4Co0.6Fe0.4O3 Perovskite 784 2,66E-08    [89] 
3681 La0.6Sr0.4Co0.6Fe0.4O3 Perovskite 733 8,35E-09    [89] 
3682 La2NiO4 K2NiF4 Per 1004 9,41E-07  1,89E-05  [88] 
3683 La2NiO4 K2NiF4 Per 951 8,15E-07  1,18E-05  [88] 
3684 La2NiO4 K2NiF4 Per 903 6,72E-07  7,40E-06  [88] 
3685 La2NiO4 K2NiF4 Per 849 5,03E-07  4,30E-06  [88] 
3686 La0.3Sr0.7CoO3 Perovskite IE 887 4,62E-06  3,26E-05  [7] 
3687 La0.3Sr0.7CoO3 Perovskite IE 797 2,72E-06  2,27E-05  [7] 
3688 La0.3Sr0.7CoO3 Perovskite IE 741 1,94E-06  1,96E-05  [7] 
3689 La0.3Sr0.7CoO3 Perovskite IE 697 1,38E-06  1,89E-05  [7] 
3690 La2NiO4 K2NiF4 IE 843 1,30E-07  3,00E-06  [12] 
3691 La2NiO4 K2NiF4 IE 798 1,66E-07  2,41E-06  [11] 
3692 La2NiO4 K2NiF4 IE 740 6,32E-08  5,28E-07  [11] 
3693 La2NiO4 K2NiF4 IE 703 3,22E-08  1,66E-07  [11] 
3694 La2NiO4 K2NiF4 IE 639 2,66E-08  1,72E-07  [11] 
3695 YSZ 2.8% Fluorite IE 1162 1,06E-06    [90] 
3696 YSZ 2.8% Fluorite IE 1024 2,04E-07    [90] 
3697 YSZ 2.8% Fluorite IE 886 1,12E-07    [90] 
3698 YSZ 2.8% Fluorite IE 782 2,01E-08    [90] 
3699 YSZ 2.8% Fluorite IE 694 5,64E-09    [90] 
3700 YSZ 16% Fluorite IE 498 5,87E-11    [91] 
3701 YSZ 16% Fluorite IE 453 2,83E-10    [91] 
3702 YSZ 16% Fluorite IE 547 1,26E-09    [91] 
3703 YSZ 16% Fluorite IE 598 2,47E-09    [91] 
3704 YSZ 16% Fluorite IE 643 5,64E-09    [91] 
3705 YSZ 16% Fluorite IE 694 3,94E-08    [91] 
3706 YSZ 16% Fluorite IE 801 7,17E-08    [91] 
3707 YSZ 16% Fluorite IE 842 8,98E-08    [91] 
3708 YSZ 16% Fluorite IE 934 1,90E-07    [91] 
3709 YSZ 16% Fluorite IE 995 2,97E-07    [91] 
3710 YSZ 16% Fluorite IE 1084 6,28E-07    [91] 
3711 ZrO2 Fluorite IE 949 1,42E-12    [92] 
3712 ZrO2 Fluorite IE 900 3,50E-13    [92] 
3713 ZrO2 Fluorite IE 848 1,09E-13    [92] 
3714 ZrO2 Fluorite IE 803 4,30E-14    [92] 
3715 ZrO2 Fluorite IE 799 1,90E-14    [93] 
3716 ZrO2 Fluorite IE 799 1,19E-14    [93] 
3717 ZrO2 Fluorite IE 799 8,39E-15    [93] 
3718 ZrO2 Fluorite IE 746 2,40E-14    [93] 
3719 ZrO2 Fluorite IE 749 9,44E-15    [93] 
3720 ZrO2 Fluorite IE 749 4,17E-15    [93] 
3721 ZrO2 Fluorite IE 749 2,94E-15    [93] 
3722 ZrO2 Fluorite IE 703 4,17E-15    [93] 
3723 ZrO2 Fluorite IE 703 1,46E-15    [93] 
3724 ZrO2 Fluorite IE 655 1,85E-15    [93] 
3725 ZrO2 Fluorite IE 672 1,03E-15    [93] 
3726 ZrO2 Fluorite IE 672 7,26E-16    [93] 
3727 ZrO2 Fluorite IE 589 7,93E-17    [93] 
3728 ZrO2 Fluorite IE 589 6,27E-17    [93] 
3729 ZrO2 Fluorite IE 499 6,84E-18    [93] 
3730 ZrO2 Fluorite IE 449 4,69E-19    [93] 
3731 ZrO2 Fluorite IE 449 2,94E-19    [93] 
3732 Rutile Minerals IE 8,90E-18    [94] 
3733 Rutile Minerals IE 3,20E-16    [94] 
3734 Rutile Minerals IE 1,00E-16    [94] 
3735 Rutile Minerals IE 1,90E-15    [94] 
3736 Rutile Minerals IE 1,70E-16    [94] 
3737 Rutile Minerals IE 4,90E-15    [94] 
3738 Rutile Minerals IE 1,60E-15    [94] 
3739 Rutile Minerals IE 9,20E-15    [94] 
3740 Rutile Minerals IE 4,90E-16    [94] 
3741 Rutile Minerals IE 8,90E-15    [94] 
3742 Rutile Minerals IE 7,60E-16    [94] 
3743 Rutile Minerals IE 1,30E-15    [94] 
3744 Rutile Minerals IE 2,90E-14    [94] 
3745 Rutile Minerals IE 3,60E-15    [94] 
3746 Rutile Minerals IE 4,70E-15    [94] 
3747 Rutile Minerals IE 1,40E-14    [94] 
3748 Rutile Minerals IE 1,30E-16    [94] 
3749 Rutile Minerals IE 1,70E-16    [94] 
3750 Rutile Minerals IE 1,70E-15    [94] 
3751 Rutile Minerals IE 7,40E-17    [94] 
3752 Rutile Minerals IE 1,90E-15    [94] 
3753 Rutile Minerals IE 1,30E-14    [94] 
3754 Rutile Minerals IE 3,60E-16    [94] 
3755 Rutile Minerals IE 3,50E-15    [94] 
3756 Rutile Minerals IE 5,00E-16    [94] 
3757 Rutile Minerals IE 3,00E-15    [94] 
3758 Rutile Minerals IE 3,30E-16    [94] 
3759 Rutile Minerals IE 3,80E-15    [94] 
3760 Rutile Minerals IE 4,50E-15    [94] 
3761 Rutile Minerals IE 6,50E-14    [94] 
3762 Rutile Minerals IE 3,40E-16    [94] 
3763 Rutile Minerals IE 4,40E-15    [94] 
3764 Rutile Minerals IE 2,00E-16    [94] 
3765 Rutile Minerals IE 3,90E-15    [94] 
3766 Rutile Minerals IE 2,40E-14    [94] 
3767 Rutile Minerals IE 2,90E-14    [94] 
3768 Rutile Minerals IE 1,60E-13    [94] 
3771 Mullite  Minerals IE 3,70E-01    [95] 
3772 YSZ-18 Fluorite IE 600 8,50E-10  1,30E-08  [96] 
3773 YSZ-10 Fluorite IE 897 2,78E-07    [96] 
3774 YSZ-10 Fluorite IE 801 3,13E-08    [96] 
3775 YSZ-10 Fluorite IE 697 1,20E-08    [96] 
3776 YSZ-10 Fluorite IE 600 1,82E-08    [96] 
3777 YSZ-10 Fluorite IE 499 7,04E-10    [96] 
3778 YSZ-10 Fluorite IE 400 5,14E-11    [96] 
3779 YSZ-18 Fluorite IE 901 1,58E-08    [96] 
3780 YSZ-18 Fluorite IE 798 4,16E-09    [96] 
3781 YSZ-18 Fluorite IE 699 1,68E-09    [96] 
3782 YSZ-18 Fluorite IE 600 3,76E-10    [96] 
3783 YSZ-18 Fluorite IE 399 4,46E-12    [96] 
3784 YSZ-10 Fluorite IE 501 1,36E-09  3,71E-08  [97] 
3785 YSZ-10 Fluorite IE 401 1,23E-10  4,95E-10  [97] 
3786 YSZ-10 Fluorite IE 302 6,64E-12  6,90E-13  [97] 
3787 YSZ-10 Fluorite IE 249 1,01E-12  3,10E-14  [97] 
3788 YSZ-10 Fluorite IE 500 5,37E-13    [97] 
3789 YSZ-10 Fluorite IE 400 2,19E-16    [97] 
3790 YSZ-10 Fluorite IE 299 2,25E-20    [97] 
3791 YSZ-10 Fluorite IE 249 6,22E-23    [97] 
3792 Diopside Minerals IE 1331 7,05E-13    [98] 
3793 Diopside Minerals IE 1331 4,98E-13    [98] 
3794 Diopside Minerals IE 1322 1,75E-13    [98] 
3795 Diopside Minerals IE 1233 1,23E-13    [98] 
3796 Diopside Minerals IE 1233 8,69E-14    [98] 
3797 Diopside Minerals IE 1134 1,07E-14    [98] 
3798 Diopside Minerals IE 1134 5,33E-15    [98] 
3799 Diopside Minerals IE 1134 1,87E-15    [98] 
3800 Diopside Minerals IE 1241 2,15E-14    [98] 
3801 Diopside Minerals IE 1182 7,57E-15    [98] 
3802 Diopside Minerals IE 1088 3,16E-15    [98] 
3803 Diopside Minerals IE 1089 1,32E-15    [98] 
3804 Diopside Minerals IE 996 6,58E-16    [98] 
3805 Diopside Minerals IE 892 1,94E-16    [98] 
3806 Diopside Minerals IE 795 3,51E-18    [98] 
3807 Diopside Minerals IE 799 1,04E-18    [98] 
3808 Diopside Minerals IE 697 4,33E-19    [98] 
3809 Diopside Minerals IE 1236 3,16E-20    [98] 
3810 Diopside Minerals IE 1236 1,87E-20    [98] 
3811 Diopside Minerals IE 1244 5,52E-21    [98] 
3812 Diopside Minerals IE 1184 5,52E-21    [98] 
3813 Diopside Minerals IE 1184 2,75E-21    [98] 
3814 Diopside Minerals IE 1136 1,37E-21    [98] 
3815 Diopside Minerals IE 1091 2,39E-22    [98] 
3816 Diopside Minerals IE 1091 1,69E-22    [99] 
3818 Forsterite Minerals IE 1100 3,20E-17    [99] 
3819 Forsterite Minerals IE 1100 2,81E-17    [99] 
3820 Forsterite Minerals IE 1100 2,28E-17    [99] 
3821 Forsterite Minerals IE 1200 6,67E-17    [99] 
3822 Forsterite Minerals IE 1200 1,38E-16    [99] 
3823 Forsterite Minerals IE 1200 3,97E-17    [99] 
3824 Cordierite Glass IE 650 1,42E-16  5,50E-11  [100] 
3825 Cordierite Glass IE 700 2,25E-16  7,00E-11  [100] 
3826 Cordierite Glass IE 750 4,00E-16  1,70E-10  [100] 
3827 Cordierite Glass IE 800 1,18E-15  5,00E-10  [100] 
3828 Cordierite Glass IE 832 7,52E-15  3,30E-09  [100] 
3829 Cordierite Glass IE 860 7,43E-14  2,90E-08  [100] 
3830 Cordierite Glass IE 826 1,30E-15  3,30E-10  [100] 
3831 Cordierite Glass IE 830 1,10E-15  1,60E-10  [100] 
3832 Cordierite Glass IE 844 2,70E-15  5,80E-10  [100] 
3833 Cordierite Glass IE 862 7,35E-15  8,00E-10  [100] 
3834 Cordierite Glass IE 869 7,92E-15  1,60E-09  [100] 
3835 Cordierite Glass IE 880 1,21E-14  1,58E-09  [100] 
3842 YBa2Cu3O7 YBCO # 600 5,08E-11    [101] 
3843 YBa2Cu3O7 YBCO # 505 8,79E-12    [101] 
3844 YBa2Cu3O7 YBCO # 403 2,07E-12    [101] 
3845 YBa2Cu3O7 YBCO # 300 2,06E-13    [101] 
3846 YBa2Cu3O7 YBCO # 300 1,46E-13    [101] 
3847 YBa2Cu3O7 YBCO # 299 1,04E-13    [101] 
3848 20K2O-20SrO-60SiO2wt Glass NRM 1 900 1,60E-14    [102] 
3849 20K2O-20SrO-60SiO2wt Glass NRM 1 900 1,50E-14    [102] 
3850 20K2O-20SrO-60SiO2wt Glass NRM 1 900 1,30E-14    [102] 
3851 20K2O-20SrO-60SiO2wt Glass NRM 1 900 1,30E-14    [102] 
3852 20K2O-20SrO-60SiO2wt Glass NRM 1 832 3,10E-15    [102] 
3853 20K2O-20SrO-60SiO2wt Glass NRM 1 760 1,00E-15    [102] 
3854 20K2O-20SrO-60SiO2wt Glass NRM 1 760 9,70E-16    [102] 
3855 20K2O-20SrO-60SiO2wt Glass NRM 1 760 1,60E-14    [102] 
3856 20K2O-20SrO-60SiO2wt Glass NRM 1 698 5,80E-16    [102] 
3857 20K2O-20SrO-60SiO2wt Glass NRM 1 608 1,60E-16    [102] 
3858 20K2O-20SrO-60SiO2wt Glass NRM 1 319 1,67E-16    [102] 
3859 20K2O-20SrO-60SiO2wt Glass NRM 1 333 1,62E-16    [102] 
3860 20K2O-20SrO-60SiO2wt Glass NRM 1 423 5,45E-16    [102] 
3861 20K2O-20SrO-60SiO2wt Glass NRM 1 423 4,91E-16    [102] 
3862 20K2O-20SrO-60SiO2wt Glass NRM 1 438 5,46E-16    [102] 
3863 20K2O-20SrO-60SiO2wt Glass NRM 1 487 1,05E-15    [102] 
3864 20K2O-20SrO-60SiO2wt Glass NRM 1 487 8,57E-16    [102] 
3865 20K2O-20SrO-60SiO2wt Glass NRM 1 540 1,44E-15    [102] 
3866 20K2O-20SrO-60SiO2wt Glass NRM 1 560 2,76E-15    [102] 
3867 20K2O-20SrO-60SiO2wt Glass NRM 1 633 2,00E-14    [102] 
3868 20K2O-20SrO-60SiO2wt Glass NRM 1 641 1,52E-14    [102] 
3869 20K2O-20SrO-60SiO2wt Glass NRM 1 621 1,37E-14    [102] 
3870 20K2O-20SrO-60SiO2wt Glass NRM 1 638 1,16E-14    [102] 
3871 20K2O-20SrO-60SiO2wt Glass NRM 1 384 1,39E-16    [102] 
3872 20K2O-20SrO-60SiO2wt Glass NRM 1 482 4,20E-16    [102] 
3873 20K2O-20SrO-60SiO2wt Glass NRM 1 560 1,96E-15    [102] 
3874 20K2O-20SrO-60SiO2wt Glass NRM 1 646 2,54E-14    [102] 
3875 20K2O-20SrO-60SiO2wt Glass NRM 1 733 2,12E-12    [102] 
3885 alpha Al2O3 Oxide IE 1400 2,00E-18    [103] 
3886 alpha Al2O3-500ppmMgO Oxide IE 1400 1,00E-16    [103] 
3887 alpha Al2O-600ppmTiO2 Oxide IE 1400 1,50E-19    [103] 
3888 alpha Al2O-600ppmTiO2 Oxide IE 1450 2,48E-18    [103] 
3889 alpha Al2O-600ppmTiO2 Oxide IE 1448 6,46E-19    [103] 
3890 alpha Al2O-600ppmTiO2 Oxide IE 1399 1,55E-19    [103] 
3891 alpha Al2O3-500ppmMgO Oxide IE 1348 3,88E-17    [103] 
3892 alpha Al2O3-500ppmMgO Oxide IE 1298 1,05E-17    [103] 
3893 alpha Al2O3-500ppmMgO Oxide IE 1251 2,63E-18    [103] 
3894 alpha Al2O3 Oxide IE 1469 1,66E-17    [103] 
3895 alpha Al2O3 Oxide IE 1420 4,89E-18    [103] 
3896 alpha Al2O3 Oxide IE 1368 1,39E-18    [103] 
3897 alpha Al2O3 Oxide IE 1333 5,50E-19    [103] 
3898 alpha Al2O3 Oxide IE 1268 8,64E-20    [103] 
3899 alpha Al2O3 Oxide IE 1218 1,98E-20    [103] 
3900 Mullite (3 Al2O3?2SiO2) Minerals IE 1302 8,49E-16    [104] 
3901 Mullite (3 Al2O3?2SiO2) Minerals IE 1250 2,69E-16    [104] 
3902 Mullite (3 Al2O3?2SiO2) Minerals IE 1201 1,32E-16    [104] 
3903 Mullite (3 Al2O3?2SiO2) Minerals IE 1152 3,47E-17    [104] 
3904 Mullite (3 Al2O3?2SiO2) Minerals IE 1100 9,06E-18    [104] 
3957 SrTiO3 Perovskite OT 639   3,64E-04  [105] 
3958 SrTiO3 Perovskite OT 543   6,18E-05  [105] 
3959 SrTiO3 Perovskite OT 446   3,31E-06  [105] 
3960 SrTiO3 Perovskite OT 639   2,65E-04  [105] 
3961 SrTiO3 Perovskite OT 591   2,06E-04  [105] 
3962 SrTiO3 Perovskite OT 543   5,87E-05  [105] 
3963 SrTiO3 Perovskite OT 496   9,37E-06  [105] 
3964 SrTiO3 Perovskite OT 447   1,42E-06  [105] 
3965 YBa2Cu3O6 YBCO OT 593   5,04E-04  [105] 
3966 YBa2Cu3O6 YBCO OT 543   1,60E-04  [105] 
3967 YBa2Cu3O6 YBCO OT 494   2,30E-05  [105] 
3968 YBa2Cu3O6 YBCO OT 446   4,31E-06  [105] 
3969 YBa2Cu3O6 YBCO OT 397   2,40E-07  [105] 
3970 SrTiO3 Perovskite OT 567   3,15E-04  [105] 
3971 SrTiO3 Perovskite OT 469   4,84E-05  [105] 
3972 SrTiO3 Perovskite OT 445   2,73E-05  [105] 
3973 SrTiO3 Perovskite OT 446   1,24E-05  [105] 
3974 SrTiO3 Perovskite OT 445   6,92E-06  [105] 
3975 SrTiO3 Perovskite OT 420   1,71E-05  [105] 
3995 Y2O3 Oxide IE 1522 2,57E-11    [106] 
3996 Y2O3 Oxide IE 1522 1,70E-11    [106] 
3997 Y2O3 Oxide IE 1288 7,68E-12    [106] 
3998 Y2O3 Oxide IE 1389 2,68E-12    [106] 
3999 Y2O3 Oxide IE 1243 2,37E-12    [106] 
4000 Y2O3 Oxide IE 1212 1,14E-12    [106] 
4001 Y2O3 Oxide IE 1141 4,62E-13    [106] 
4002 Y2O3 Oxide IE 1519 1,95E-11    [106] 
4003 Y2O3 Oxide IE 1373 8,51E-12    [106] 
4004 Y2O3 Oxide IE 1299 4,80E-12    [106] 
4005 Y2O3 Oxide IE 1182 7,56E-13    [106] 
4006 Y2O3 Oxide IE 1090 4,34E-13    [106] 
4007 Y2O3 Oxide IE 1369 3,46E-12    [106] 
4008 Y2O3 Oxide IE 1067 2,12E-14    [106] 
4029 LiO2-doped MgO Oxide IE 1295 4,61E-16    [107] 
4030 LiO2-doped MgO Oxide IE 1199 1,01E-15    [107] 
4031 LiO2-doped MgO Oxide IE 1095 2,07E-15    [107] 
4032 LiO2-doped MgO Oxide IE 998 1,69E-15    [107] 
4033 LiO2-doped MgO Oxide IE 947 8,09E-16    [107] 
4034 LiO2-doped MgO Oxide IE 894 3,25E-16    [107] 
4035 LiO2-doped MgO Oxide IE 948 3,03E-17    [107] 
4036 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1528 2,26E-13    [108] 
4037 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1420 5,28E-14    [108] 
4038 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1420 3,85E-14    [108] 
4039 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1332 1,69E-14    [108] 
4040 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1259 9,82E-15    [108] 
4041 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1209 6,14E-15    [108] 
4042 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1158 4,78E-15    [108] 
4043 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1089 3,05E-15    [108] 
4044 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1018 3,18E-16    [108] 
4045 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1505 1,41E-13    [108] 
4046 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1186 5,25E-15    [108] 
4047 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1421 3,10E-14    [108] 
4048 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1189 4,32E-15    [108] 
4049 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1060 1,14E-15    [108] 
4050 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1014 2,02E-16    [108] 
4051 Mn0.429Zn0.416Fe2.103O4 Oxide IE 1199 4,31E-15    [108] 
4112 Y2O3 Oxide IE 1391 2,33E-11    [106] 
4113 Y2O3 Oxide IE 1272 3,76E-12    [106] 
4114 Y2O3 Oxide IE 1093 3,07E-13    [106] 
4115 Y2O3 Oxide IE 982 4,24E-14    [106] 
4116 Y2O3 Oxide IE 919 1,57E-14    [106] 
4117 Y2O3 Oxide IE 817 1,59E-15    [106] 
4118 Y2O3 Oxide IE 747 2,43E-16    [106] 
4119 Y2O3 Oxide IE 1391 1,38E-11    [106] 
4120 Y2O3 Oxide IE 1281 3,56E-12    [106] 
4121 Y2O3 Oxide IE 1272 3,05E-12    [106] 
4122 Y2O3 Oxide IE 1093 2,49E-13    [106] 
4123 Y2O3 Oxide IE 919 1,21E-14    [106] 
4124 Y2O3 Oxide IE 921 1,28E-14    [106] 
4125 Y2O3 Oxide IE 814 1,22E-15    [106] 
4126 Y2O3-10%molCaO Oxide IE 1435 6,84E-10    [109] 
4127 Y2O3-0.535%molCaO Oxide IE 1442 2,55E-10    [109] 
4128 Y2O3-4%molCaO Oxide IE 1397 5,72E-11    [109] 
4129 Y2O3-0.535%molCaO Oxide IE 1269 2,18E-11    [109] 
4130 Y2O3-0.535%molCaO Oxide IE 1098 2,08E-12    [109] 
4131 Y2O3-0.535%molCaO Oxide IE 920 4,95E-14    [109] 
4132 Y2O3-0.535%molCaO Oxide IE 817 1,51E-15    [109] 
4133 Y2O3-0.535%molCaO Oxide IE 749 2,79E-16    [109] 
4134 Y2O3-0.0236%molCaO Oxide IE 1442 3,75E-11    [109] 
4135 Y2O3-0.0236%molCaO Oxide IE 1098 1,56E-13    [109] 
4136 Y2O3-0.0236%molCaO Oxide IE 983 2,23E-14    [109] 
4137 Y2O3-0.0236%molCaO Oxide IE 923 6,90E-15    [109] 
4138 Y2O3-0.166%molCaO Oxide IE 1392 1,21E-11    [109] 
4139 Y2O3-0.166%molCaO Oxide IE 1274 6,62E-12    [109] 
4140 Y2O3-0.166%molCaO Oxide IE 1095 1,92E-13    [109] 
4141 Y2O3-0.166%molCaO Oxide IE 920 1,16E-14    [109] 
4142 Y2O3-0.166%molCaO Oxide IE 817 1,29E-15    [109] 
4143 Y2O3-0.004%molCaO Oxide IE 919 1,61E-14    [109] 
4144 Y2O3-0.0236%molCaO Oxide IE 919 6,88E-15    [109] 
4145 Y2O3-0.166%molCaO Oxide IE 919 1,13E-14    [109] 
4146 Y2O3-0.535%molCaO Oxide IE 919 4,53E-14    [109] 
4147 Y2O3-0.004%molCaO Oxide IE 1094 3,26E-13    [109] 
4148 Y2O3-0.0236%molCaO Oxide IE 1094 1,52E-13    [109] 
4149 Y2O3-0.166%molCaO Oxide IE 1094 1,90E-13    [109] 
4150 Y2O3-0.535%molCaO Oxide IE 1094 1,87E-12    [109] 
4151 Y2O3-0.004%molCaO Oxide IE 1270 3,67E-12    [109] 
4152 Y2O3-0.0236%molCaO Oxide IE 1270 3,07E-12    [109] 
4153 Y2O3-0.166%molCaO Oxide IE 1270 6,01E-12    [109] 
4154 Y2O3-0.535%molCaO Oxide IE 1270 1,61E-11    [109] 
4155 Y2O3-4%molCaO Oxide IE 1270 2,02E-11    [109] 
4156 Y2O3-10%molCaO Oxide IE 1270 1,61E-11    [109] 
4157 Y2O3-0.004%molCaO Oxide IE 1435 2,89E-11    [109] 
4158 Y2O3-0.0236%molCaO Oxide IE 1435 3,46E-11    [109] 
4159 Y2O3-0.166%molCaO Oxide IE 1435 2,21E-11    [109] 
4160 Y2O3-0.535%molCaO Oxide IE 1435 2,38E-10    [109] 
4161 Y2O3-4%molCaO Oxide IE 1435 2,60E-10    [109] 
4162 (Ba0.965Gd0.035)(Ce0.935Gd0.065)O2.985 Perovskite IE 817 1,56E-08    [110] 
4163 (Ba0.965Gd0.035)(Ce0.935Gd0.065)O2.985 Perovskite IE 777 1,11E-08    [110] 
4164 (Ba0.965Gd0.035)(Ce0.935Gd0.065)O2.985 Perovskite IE 641 5,52E-10    [110] 
4165 (Ba0.965Gd0.035)(Ce0.935Gd0.065)O2.985 Perovskite IE 818 2,61E-08    [110] 
4166 (Ba0.965Gd0.035)(Ce0.935Gd0.065)O2.985 Perovskite IE 722 1,16E-08    [110] 
4167 (Ba0.965Gd0.035)(Ce0.935Gd0.065)O2.985 Perovskite IE 630 4,44E-09    [110] 
4175 MgO Oxide IE 1738 1,45E-13    [111] 
4176 MgO Oxide IE 1687 6,65E-14    [111] 
4177 MgO Oxide IE 1706 3,82E-14    [111] 
4178 MgO Oxide IE 1637 4,91E-14    [111] 
4179 MgO Oxide IE 1617 2,72E-14    [111] 
4180 MgO Oxide IE 1580 5,08E-15    [111] 
4181 MgO Oxide IE 1510 2,29E-15    [111] 
4182 MgO Oxide IE 1499 1,29E-15    [111] 
4183 MgO Oxide IE 1479 7,72E-16    [111] 
4184 MgO Oxide IE 1373 5,96E-16    [111] 
4185 MgO Oxide IE 1296 1,58E-16    [111] 
4186 MgO Oxide IE 1679 5,63E-14    [111] 
4187 MgO Oxide IE 1699 3,75E-14    [111] 
4188 MgO Oxide IE 1667 4,07E-14    [111] 
4189 MgO Oxide IE 1639 2,73E-14    [111] 
4190 MgO Oxide IE 1653 8,60E-15    [111] 
4191 MgO Oxide IE 1608 1,03E-14    [111] 
4192 MgO Oxide IE 1608 6,37E-15    [111] 
4193 MgO Oxide IE 1612 3,44E-15    [111] 
4194 MgO Oxide IE 1566 4,37E-15    [111] 
4195 MgO Oxide IE 1571 2,32E-15    [111] 
4196 MgO Oxide IE 1517 1,62E-15    [111] 
4197 MgO Oxide IE 1366 4,54E-16    [111] 
4198 MgO Oxide IE 1603 2,72E-13    [112] 
4199 MgO Oxide IE 1481 1,51E-13    [112] 
4200 MgO Oxide IE 1548 7,07E-14    [112] 
4201 MgO Oxide IE 1410 1,61E-14    [112] 
4202 MgO Oxide IE 1385 7,37E-14    [112] 
4203 MgO Oxide IE 1237 1,82E-15    [112] 
4204 MgO Oxide IE 1207 3,54E-16    [112] 
4205 MgO Oxide IE 1283 3,34E-16    [112] 
4206 MgO Oxide IE 1393 4,47E-15    [112] 
4207 MgO Oxide IE 1438 2,05E-15    [112] 
4208 MgO Oxide IE 1628 9,92E-15    [112] 
4209 MgO Oxide IE 1699 8,88E-14    [112] 
4210 Al2O3-Mg130ppm Oxide IE 1712 7,05E-13    [113] 
4211 Al2O3-Mg130ppm Oxide IE 1712 6,52E-13    [113] 
4212 Al2O3-Mg130ppm Oxide IE 1609 2,00E-13    [113] 
4213 Al2O3-Mg130ppm Oxide IE 1611 7,06E-14    [113] 
4214 Al2O3-Mg130ppm Oxide IE 1615 4,37E-14    [113] 
4215 Al2O3-Mg130ppm Oxide IE 1471 1,23E-16    [113] 
4216 Al2O3-Mg130ppm Oxide IE 1403 5,70E-17    [113] 
4217 Mg-doped Al2O3 Oxide IE 1602 2,21E-14    [113] 
4218 Mg-doped Al2O3 Oxide IE 1585 1,06E-14    [113] 
4219 Mg-doped Al2O3 Oxide IE 1588 8,13E-15    [113] 
4220 Mg-doped Al2O3 Oxide IE 1502 4,04E-14    [113] 
4221 Mg-doped Al2O3 Oxide IE 1503 2,25E-14    [113] 
4222 Mg-doped Al2O3 Oxide IE 1504 2,61E-15    [113] 
4223 Mg-doped Al2O3 Oxide IE 1500 2,07E-15    [113] 
4224 Mg-doped Al2O3 Oxide IE 1505 1,42E-15    [113] 
4225 Mg-doped Al2O3 Oxide IE 1405 1,93E-16    [113] 
4226 Ti-doped Al2O3 Oxide IE 1637 4,47E-16    [113] 
4227 Ti-doped Al2O3 Oxide IE 1624 4,39E-16    [113] 
4228 Ti-doped Al2O3 Oxide IE 1548 1,47E-16    [113] 
4229 Ti-doped Al2O3 Oxide IE 1561 8,36E-17    [113] 
4230 Al2O3 Oxide IE 1405 3,06E-18    [114] 
4231 Al2O3 Oxide IE 1709 2,44E-15    [114] 
4232 Al2O3 Oxide IE 1643 5,03E-16    [114] 
4233 Al2O3 Oxide IE 1705 1,93E-15    [114] 
4234 Al2O3 Oxide IE 1678 1,00E-15    [114] 
4235 Al2O3 Oxide IE 1597 1,85E-16    [114] 
4236 Al2O3 Oxide IE 1708 1,59E-15    [114] 
4237 Al2O3 Oxide IE 1678 6,82E-16    [114] 
4238 Al2O3 Oxide IE 1597 1,46E-16    [114] 
4239 Al2O3 Oxide IE 1678 6,32E-16    [114] 
4240 Al2O3 Oxide IE 1631 4,15E-16    [114] 
4241 Fe3O4 Oxide IE 800 8,99E-14    [115] 
4242 Fe3O4 Oxide IE 800 4,79E-14    [115] 
4243 Fe3O4 Oxide IE 800 6,25E-15    [115] 
4244 Fe3O4 Oxide IE 800 1,59E-15    [115] 
4245 Fe3O4 Oxide IE 800 1,10E-15    [115] 
4246 Fe3O4 Oxide IE 800 1,14E-15    [115] 
4247 Fe3O4 Oxide IE 800 1,41E-15    [115] 
4248 Fe3O4 Oxide IE 1150 1,11E-10    [115] 
4249 Fe3O4 Oxide IE 1150 1,02E-10    [115] 
4250 Fe3O4 Oxide IE 1150 3,64E-11    [115] 
4251 Fe3O4 Oxide IE 1150 3,20E-11    [115] 
4252 Fe3O4 Oxide IE 1150 1,89E-11    [115] 
4253 Fe3O4 Oxide IE 1150 1,53E-11    [115] 
4254 Fe3O4 Oxide IE 1150 1,39E-11    [115] 
4255 Fe3O4 Oxide IE 1150 1,46E-11    [115] 
4256 Fe3O4 Oxide IE 1150 2,07E-11    [115] 
4257 Fe3O4 Oxide IE 1150 1,91E-11    [115] 
4258 Fe3O4 Oxide IE 1150 2,36E-11    [115] 
4259 CoO Oxide TLM 1150 1,70E-14  1,34E-23  [116] 
4260 CoO Oxide TLM 1150 7,95E-15  9,53E-24  [116] 
4261 CoO Oxide TLM 1150 5,90E-15  7,60E-24  [116] 
4262 CoO Oxide TLM 1150 3,10E-15  3,80E-24  [116] 
4263 CoO Oxide TLM 1150 5,00E-15  5,00E-24  [116] 
4264 CoO Oxide TLM 1150 1,12E-14  1,24E-23  [116] 
4265 CoO Oxide TLM 1200 5,37E-14  8,06E-23  [116] 
4266 CoO Oxide II 1200 5,45E-14  1,14E-22  [116] 
4267 CoO Oxide IE 1200 5,35E-14  1,34E-22  [116] 
4268 CoO Oxide TLM 1200 1,82E-14  4,18E-23  [116] 
4269 CoO Oxide TLM 1200 1,17E-14  1,28E-23  [116] 
4270 CoO Oxide TLM 1200 8,30E-15  7,88E-24  [116] 
4271 CoO Oxide TLM 1200 6,75E-15  6,08E-24  [116] 
4272 CoO Oxide IE 1200 7,41E-15  1,96E-23  [116] 
4273 CoO Oxide TLM 1200 8,91E-15  8,40E-24  [116] 
4274 CoO Oxide TLM 1200 1,15E-14  1,09E-23  [116] 
4275 CoO Oxide TLM 1200 1,82E-14  2,45E-23  [116] 
4276 CoO Oxide TLM 1200 2,51E-14  3,26E-23  [116] 
4277 CoO Oxide TLM 1250 4,73E-14  1,40E-22  [116] 
4278 CoO Oxide IE 1300 3,85E-13  1,62E-21  [116] 
4279 CoO Oxide TLM 1300 3,75E-13  1,30E-21  [116] 
4280 CoO Oxide TLM 1300 1,73E-13  7,43E-22  [116] 
4281 CoO Oxide TLM 1300 1,04E-13  3,95E-22  [116] 
4282 CoO Oxide TLM 1300 9,33E-14  3,60E-22  [116] 
4283 CoO Oxide TLM 1300 8,51E-14  3,48E-22  [116] 
4284 CoO Oxide IE 1300 8,49E-14  3,82E-22  [116] 
4285 CoO Oxide TLM 1300 9,30E-14  3,90E-22  [116] 
4286 CoO Oxide TLM 1300 1,05E-13  4,72E-22  [116] 
4287 CoO Oxide TLM 1300 1,25E-13  5,87E-22  [116] 
4288 CoO Oxide IE 1400 5,00E-12  4,45E-20  [116] 
4289 CoO Oxide TLM 1400 1,25E-12  9,75E-21  [116] 
4290 CoO Oxide TLM 1400 7,94E-13  6,59E-21  [116] 
4291 CoO Oxide TLM 1400 5,12E-13  4,40E-21  [116] 
4292 CoO Oxide TLM 1400 4,30E-13  3,70E-21  [116] 
4293 CoO Oxide TLM 1400 3,31E-13  2,66E-21  [116] 
4294 CoO Oxide IE 1400 3,38E-13  3,23E-21  [116] 
4295 CoO Oxide TLM 1400 3,15E-13  2,50E-21  [116] 
4296 CoO Oxide TLM 1400 3,20E-13  2,64E-21  [116] 
4297 CoO Oxide # 1396 3,33E-12    [117] 
4298 CoO Oxide # 1396 2,72E-12    [117] 
4299 CoO Oxide # 1397 2,36E-12    [117] 
4300 CoO Oxide # 1301 2,55E-13    [117] 
4301 CoO Oxide # 1301 2,21E-13    [117] 
4302 CoO Oxide # 1243 1,36E-13    [117] 
4303 CoO Oxide # 1199 6,93E-14    [117] 
4304 TiO1.9995 Oxide IE 1100 1,45E-12    [118] 
4305 TiO1.9993 Oxide IE 1100 1,87E-12    [118] 
4306 TiO1.9989 Oxide IE 1100 2,70E-12    [118] 
4307 TiO1.9983 Oxide IE 1100 2,96E-12    [118] 
4308 TiO1.9972 Oxide IE 1100 4,09E-12    [118] 
4309 TiO1.9959 Oxide IE 1100 5,01E-12    [118] 
4310 TiO1.9944 Oxide IE 1100 6,85E-12    [118] 
4311 TiO1.9921 Oxide IE 1100 7,58E-12    [118] 
4312 TiO1.9917 Oxide IE 1100 9,20E-12    [118] 
4313 NiO Oxide IE 1601 8,05E-14    [119] 
4314 NiO Oxide IE 1602 6,81E-14    [119] 
4315 NiO Oxide IE 1599 5,30E-14    [119] 
4316 NiO Oxide IE 1600 4,49E-14    [119] 
4317 NiO Oxide IE 1599 2,77E-14    [119] 
4318 NiO Oxide IE 1599 2,30E-14    [119] 
4319 NiO Oxide IE 1547 2,91E-14    [119] 
4320 NiO Oxide IE 1548 2,56E-14    [119] 
4321 NiO Oxide IE 1548 1,79E-14    [119] 
4322 NiO Oxide IE 1548 1,52E-14    [119] 
4323 NiO Oxide IE 1497 6,49E-15    [119] 
4324 NiO Oxide IE 1497 5,15E-15    [119] 
4325 NiO Oxide IE 1498 4,01E-15    [119] 
4326 NiO Oxide IE 1498 3,39E-15    [119] 
4327 NiO Oxide IE 1498 2,99E-15    [119] 
4328 NiO Oxide IE 1498 2,58E-15    [119] 
4329 NiO Oxide IE 1498 2,28E-15    [119] 
4330 NiO Oxide IE 1498 1,53E-15    [119] 
4331 NiO Oxide IE 1428 1,18E-15    [119] 
4332 NiO Oxide IE 1429 1,06E-15    [119] 
4333 NiO Oxide IE 1385 1,43E-15    [119] 
4334 NiO Oxide IE 1385 1,23E-15    [119] 
4335 NiO Oxide IE 1385 7,01E-16    [119] 
4336 NiO Oxide IE 1349 6,49E-16    [119] 
4337 NiO Oxide IE 1349 4,74E-16    [119] 
4338 NiO Oxide IE 1275 2,79E-17    [119] 
4339 NiO Oxide IE 1275 2,26E-17    [119] 
4340 NiO Oxide IE 1547 1,37E-16    [119] 
4341 NiO Oxide IE 1497 1,50E-16    [119] 
4342 NiO Oxide IE 1499 1,88E-17    [119] 
4343 NiO Oxide IE 1432 2,66E-17    [119] 
4344 NiO Oxide IE 1432 4,40E-17    [119] 
4345 NiO Oxide IE 1404 8,09E-17    [119] 
4346 NiO Oxide IE 1399 7,29E-17    [119] 
4347 NiO Oxide IE 1399 1,00E-16    [119] 
4348 NiO Oxide IE 1399 1,21E-16    [119] 
4349 NiO Oxide IE 1354 6,76E-17    [119] 
4350 NiO Oxide IE 1353 2,14E-17    [119] 
4351 NiO Oxide IE 1314 2,29E-17    [119] 
4352 NiO Oxide IE 1314 3,56E-17    [119] 
4353 NiO Oxide IE 1314 4,67E-17    [119] 
4354 NiO Oxide IE 1314 5,64E-17    [119] 
4355 NiO Oxide IE 1300 2,11E-17    [119] 
4356 NiO Oxide IE 1300 1,90E-17    [119] 
4357 NiO Oxide IE 1300 1,75E-17    [119] 
4358 NiO Oxide IE 1314 5,68E-17    [119] 
4359 NiO Oxide IE 1314 2,50E-17    [119] 
4360 NiO Oxide IE 1314 3,70E-17    [119] 
4361 NiO Oxide IE 1314 5,28E-17    [119] 
4362 NiO Oxide IE 1314 1,46E-16    [119] 
4363 NiO Oxide IE 1346 7,30E-17    [119] 
4364 NiO Oxide IE 1346 2,30E-16    [119] 
4365 NiO Oxide IE 1398 1,07E-16    [119] 
4366 NiO Oxide IE 1398 7,90E-17    [119] 
4367 NiO Oxide IE 1398 1,28E-16    [119] 
4368 NiO Oxide IE 1405 8,58E-17    [119] 
4369 NiO Oxide IE 1405 4,86E-17    [119] 
4370 NiO Oxide IE 1440 2,86E-17    [119] 
4371 NiO Oxide IE 1501 2,07E-17    [119] 
4372 NiO Oxide IE 1548 1,53E-16    [119] 
4383 Quartz Minerals IM 500 3,07E-15    [120] 
4384 Quartz Minerals IM 500 2,89E-15    [120] 
4385 Quartz Minerals IM 600 1,64E-14    [120] 
4386 Quartz Minerals IM 600 1,42E-14    [120] 
4387 Quartz Minerals IM 600 2,27E-14    [120] 
4388 Quartz Minerals IM 800 2,25E-13    [120] 
4389 Quartz Minerals IM 800 2,83E-17    [120] 
4390 Quartz Minerals IM 450 1,00E-13    [120] 
4391 Quartz Minerals IM 450 5,92E-14    [120] 
4392 Quartz Minerals IM 450 6,30E-14    [120] 
4393 Quartz Minerals IM 600 2,06E-13    [120] 
4394 Quartz Minerals IM 600 1,47E-13    [120] 
4395 Quartz Minerals IM 600 1,28E-13    [120] 
4396 Quartz Minerals IM 800 3,23E-13    [120] 
4397 Quartz Minerals IM 800 1,51E-13    [120] 
4398 Quartz Minerals IM 800 2,23E-13    [120] 
4399 Quartz Minerals IM 800 1,74E-13    [120] 
4411 YBa2Cu3O7 YBCO MD 461 2,53E-11    [101] 
4412 YBa2Cu3O7 YBCO MD 461 5,45E-11    [101] 
4413 YBa2Cu3O7 YBCO MD 307 2,18E-13    [101] 
4414 YBa2Cu3O7 YBCO MD 306 1,36E-13    [101] 
4415 YBa2Cu3O7 YBCO MD 306 1,93E-12    [101] 
4416 YBa2Cu3O7 YBCO IE 273 1,40E-13    [121] 
4417 YBa2Cu3O7 YBCO IE 253 8,59E-14    [121] 
4418 YBa2Cu3O7 YBCO IE 240 3,94E-14    [121] 
4419 YBa2Cu3O7 YBCO IE 264 3,37E-13    [121] 
4420 YBa2Cu3O7 YBCO IE 256 1,97E-13    [121] 
4421 YBa2Cu3O7 YBCO IE 246 1,02E-13    [121] 
4422 YBa2Cu3O7 YBCO IE 226 3,88E-14    [121] 
4432 TiO2-Si2170ppm;fe2700ppm;Mg750ppm Oxide IE 700 1,18E-16    [122] 
4433 TiO2-Si2170ppm;fe2700ppm;Mg750ppm Oxide IE 800 5,28E-16    [122] 
4434 TiO2-Si2170ppm;fe2700ppm;Mg750ppm Oxide IE 900 4,09E-15    [122] 
4435 TiO2-Si2170ppm;fe2700ppm;Mg750ppm Oxide IE 1000 1,02E-14    [122] 
4436 TiO2-Si2170ppm;fe2700ppm;Mg750ppm Oxide IE 1100 5,41E-14    [122] 
4437 TiO2-Si1320ppm;Mg400ppm,Al160ppm,Fe100ppm Oxide IE 700 1,49E-17    [122] 
4438 TiO2-Si1320ppm;Mg400ppm,Al160ppm,Fe100ppm Oxide IE 800 9,40E-17    [122] 
4439 TiO2-Si1320ppm;Mg400ppm,Al160ppm,Fe100ppm Oxide IE 900 4,50E-16    [122] 
4440 TiO2-Si1320ppm;Mg400ppm,Al160ppm,Fe100ppm Oxide IE 1000 1,64E-15    [122] 
4441 TiO2-Si1320ppm;Mg400ppm,Al160ppm,Fe100ppm Oxide IE 1100 8,52E-15    [122] 
4442 MgO Oxide IE 1650 5,20E-15    [123] 
4443 MgO Oxide IE 1600 5,90E-15    [123] 
4444 MgO Oxide IE 1550 1,40E-15    [123] 
4445 MgO Oxide IE 1500 1,60E-15    [123] 
4446 MgO Oxide IE 1400 3,70E-16    [123] 
4447 MgO Oxide IE 1300 5,60E-17    [123] 
4448 MgO Oxide IE 1200 1,00E-17    [123] 
4449 MgO Oxide IE 1100 1,90E-18    [123] 
4450 MgO Oxide IE 1000 4,50E-19    [123] 
4451 Cr2O3 Oxide IE 1100 8,40E-18    [124] 
4452 Cr2O3 Oxide IE 1100 4,40E-18    [124] 
4453 Cr2O3 Oxide IE 1100 3,80E-18    [124] 
4454 Cr2O3 Oxide IE 1100 7,40E-18    [124] 
4455 Cr2O3 Oxide IE 1100 3,20E-18    [124] 
4456 Ba0.75Al11O17.25 Oxide IE 1200 9,09E-15    [125] 
4457 Ba0.75Al11O17.25 Oxide IE 1200 5,14E-14    [125] 
4458 Ba0.75Al11O17.25 Oxide IE 1400 2,59E-14    [125] 
4459 Ba0.75Al11O17.25 Oxide IE 1400 9,35E-13    [125] 
4460 Ba0.75Al11O17.25 Oxide IE 1500 7,32E-13    [125] 
4461 Ba0.75Al11O17.25 Oxide IE 1500 2,92E-12    [125] 
4462 MgAl2O4 Oxide IE 1500 4,60E-17    [126] 
4463 Al2O3 Oxide IE 1520 5,10E-17    [127] 
4464 Al2O3 Oxide IE 1550 1,00E-16    [127] 
4465 Al2O3 Oxide IE 1570 2,10E-16    [127] 
4466 Al2O3 Oxide IE 1570 3,70E-16    [127] 
4467 Al2O3 Oxide IE 1577 2,00E-16    [127] 
4468 Al2O3 Oxide IE 1577 1,90E-16    [127] 
4469 Al2O3 Oxide IE 1600 3,50E-16    [127] 
4470 Al2O3 Oxide IE 1630 9,40E-16    [127] 
4471 Al2O3 Oxide IE 1630 6,10E-16    [127] 
4472 Al2O3 Oxide IE 1630 5,40E-16    [127] 
4473 Al2O3 Oxide IE 1660 1,20E-15    [127] 
4474 Al2O3 Oxide IE 1685 3,10E-15    [127] 
4475 Al2O3 Oxide IE 1720 4,20E-15    [127] 
4478 Al2O3-300ppmwtY203 Oxide IE 1250 8,00E-19    [127] 
4479 Al2O3-300ppmwtY203 Oxide IE 1345 1,30E-17    [127] 
4480 Al2O3-300ppmwtY203 Oxide IE 1370 1,60E-17    [127] 
4481 Al2O3-300ppmwtY203 Oxide IE 1396 2,30E-17    [127] 
4482 Al2O3-300ppmwtY203 Oxide IE 1415 2,00E-17    [127] 
4483 Al2O3-300ppmwtY203 Oxide IE 1460 3,00E-17    [127] 
4484 Al2O3-300ppmwtY203 Oxide IE 1497 1,50E-16    [127] 
4485 Al2O3-300ppmwtY203 Oxide IE 1505 1,40E-16    [127] 
4486 Al2O3-300ppmwtY203 Oxide IE 1550 1,10E-15    [127] 
4487 Al2O3-300ppmwtY203 Oxide IE 1550 4,50E-15    [127] 
4488 Al2O3-300ppmwtY203 Oxide IE 1600 1,90E-01    [127] 
4489 Al2O3-300ppmwtY203 Oxide IE 1600 8,40E-16    [127] 
4490 Al2O3-300ppmwtY203 Oxide IE 1614 3,00E-15    [127] 
4491 Al2O3-300ppmwtY203 Oxide IE 1630 1,00E-14    [127] 
4492 Al2O3-300ppmwtY203 Oxide IE 1630 1,70E-14    [127] 
4493 UO2 Oxide NMR 3 925 1,80E-13    [128] 
4494 UO2 Oxide NMR 3 1025 2,40E-12    [128] 
4495 UO2 Oxide NMR 3 1025 2,30E-12    [128] 
4496 UO2 Oxide NMR 3 1225 3,70E-10    [128] 
4497 UO2 Oxide NMR 3 1425 6,90E-10    [128] 
4498 UO2 Oxide # 1225 3,60E-10    [129] 
4501 MgO-310ppmFe Oxide IE 1732 3,52E-14    [130] 
4502 MgO-310ppmFe Oxide IE 1586 8,07E-15    [130] 
4503 MgO-310ppmFe Oxide IE 1638 6,64E-15    [130] 
4504 MgO-310ppmFe Oxide IE 1481 5,77E-16    [130] 
4505 MgO-2300ppmFe Oxide IE 1708 1,55E-14    [130] 
4506 MgO-2300ppmFe Oxide IE 1641 5,58E-15    [130] 
4507 MgO-2300ppmFe Oxide IE 1584 3,22E-15    [130] 
4508 MgO-2300ppmFe Oxide IE 1512 1,08E-15    [130] 
4509 MgO-2300ppmFe Oxide IE 1463 1,02E-15    [130] 
4510 MgO-12900ppmFe Oxide IE 1667 1,11E-14    [130] 
4511 MgO-12900ppmFe Oxide IE 1642 5,82E-15    [130] 
4512 MgO-12900ppmFe Oxide IE 1668 2,02E-15    [130] 
4513 MgO-12900ppmFe Oxide IE 1586 1,10E-14    [130] 
4514 MgO-12900ppmFe Oxide IE 1427 8,65E-15    [130] 
4515 MgO-12900ppmFe Oxide IE 1484 1,71E-15    [130] 
4516 UO2.055 Oxide # 483 9,20E-12    [131] 
4517 UO2.055 Oxide # 481 4,97E-12    [131] 
4518 UO2.055 Oxide # 463 3,36E-12    [131] 
4519 UO2.055 Oxide # 440 2,83E-12    [131] 
4520 UO2.0052 Oxide # 601 3,57E-13    [131] 
4521 UO2.0052 Oxide # 598 1,86E-13    [131] 
4522 UO2.0052 Oxide # 569 1,46E-13    [131] 
4523 UO2.0052 Oxide # 539 5,13E-14    [131] 
4524 UO2.0052 Oxide # 533 3,70E-14    [131] 
4525 UO2.0052 Oxide # 521 7,43E-14    [131] 
4526 UO2.0052 Oxide # 515 4,65E-14    [131] 
4527 UO2.0052 Oxide # 496 4,68E-14    [131] 
4528 UO2.0052 Oxide # 464 1,07E-14    [131] 
4529 UO2.0052 Oxide # 444 5,61E-15    [131] 
4530 UO2.005 Oxide # 666 1,95E-13    [131] 
4531 UO2.005 Oxide # 748 1,52E-12    [131] 
4532 UO2.005 Oxide # 779 3,23E-12    [131] 
4533 UO2.005 Oxide # 710 2,77E-13    [131] 
4534 UO2.005 Oxide # 645 5,70E-14    [131] 
4535 UO2.005 Oxide # 624 1,34E-14    [131] 
4536 UO2.005 Oxide # 550 1,95E-16    [131] 
4537 UO2.005 Oxide # 591 5,46E-15    [131] 
4538 UO2.005 Oxide # 634 3,56E-14    [131] 
4539 UO2.005 Oxide # 654 8,18E-14    [131] 
4740 La0.6Sr0.4Co0.2Fe0.8O3 Perovskite IE 995 7,03E-07  3,34E-05  [132] 
4741 La0.6Sr0.4Co0.2Fe0.8O3 Perovskite IE 897 1,55E-07  1,38E-05  [132] 
4742 La0.6Sr0.4Co0.2Fe0.8O3 Perovskite IE 797 2,49E-08  5,11E-06  [132] 
4743 La0.6Sr0.4Co0.2Fe0.8O3 Perovskite IE 698 3,09E-09  1,54E-06  [132] 
4744 La0.6Sr0.4Co0.2Fe0.8O3 Perovskite IE 598 2,16E-10  3,39E-07  [132] 
4745 La0.6Sr0.4Co0.2Fe0.8O3 Perovskite IE 499 8,07E-12  5,17E-08  [132] 
4746 MgO-Al2O3 Oxide IE 1737 6,47E-12    [126] 
4747 MgO-Al2O3 Oxide IE 1669 3,17E-12    [126] 
4748 MgO-Al2O3 Oxide IE 1655 6,22E-13    [126] 
4749 MgO-Al2O3 Oxide IE 1624 4,32E-13    [126] 
4750 MgO-Al2O3 Oxide IE 1586 3,19E-13    [126] 
4751 MgO-Al2O3 Oxide IE 1510 1,04E-13    [126] 
4752 MgO-Al2O3 Oxide IE 1433 5,66E-14    [126] 
4753 MgO-1.2Al2O3 Oxide IE 1501 1,82E-13    [126] 
4754 MgO-1.2Al2O3 Oxide IE 1603 9,04E-13    [126] 
4755 MgO-1.2Al2O3 Oxide IE 1605 8,28E-13    [126] 
4756 MgO-1.2Al2O3 Oxide IE 1713 4,99E-12    [126] 
4757 MgO-2.2Al2O3 Oxide IE 1725 5,94E-12    [126] 
4758 MgO-2.2Al2O3 Oxide IE 1658 2,50E-12    [126] 
4762 SrFeO3 Perovskite IE 1041 6,50E-10    [58] 
4763 SrFeO3 Perovskite IE 946 3,59E-10    [58] 
4764 SrFeO3 Perovskite IE 895 2,46E-10    [58] 
4765 SrFeO3 Perovskite IE 831 1,60E-10    [58] 
4766 La0.4Sr0.6FeO3 Perovskite IE 1040 3,23E-10    [58] 
4767 La0.4Sr0.6FeO3 Perovskite IE 948 1,69E-10    [58] 
4768 La0.4Sr0.6FeO3 Perovskite IE 896 1,16E-10    [58] 
4769 La0.4Sr0.6FeO3 Perovskite IE 831 6,41E-11    [58] 
4770 La0.6Sr0.4FeO3 Perovskite IE 1039 1,27E-11    [58] 
4771 La0.6Sr0.4FeO3 Perovskite IE 953 6,00E-12    [58] 
4772 La0.6Sr0.4FeO3 Perovskite IE 881 2,98E-12    [58] 
4773 La0.6Sr0.4FeO3 Perovskite IE 829 1,48E-12    [58] 
4774 LaFeO3 Perovskite IE 1041 3,50E-12    [58] 
4775 LaFeO3 Perovskite IE 954 1,48E-12    [58] 
4776 LaFeO3 Perovskite IE 882 6,59E-13    [58] 
4777 LaFeO3 Perovskite IE 832 3,64E-13    [58] 
4778 PbO Oxide IE 655 3,01E-10    [133] 
4779 PbO Oxide IE 601 1,53E-10    [133] 
4780 PbO Oxide IE 602 9,95E-11    [133] 
4781 PbO Oxide IE 556 1,01E-10    [133] 
4782 PbO Oxide IE 548 9,96E-11    [133] 
4783 PbO Oxide IE 530 4,54E-11    [133] 
4784 PbO Oxide IE 504 2,46E-11    [133] 
4785 Fe3O4 Oxide IE 550 3,94E-18    [134] 
4786 Fe3O4 Oxide IE 545 1,12E-18    [134] 
4787 Fe3O4 Oxide IE 500 5,56E-19    [134] 
4788 Fe3O4 Oxide IE 499 5,90E-19    [134] 
4789 Fe3O4 Oxide IE 483 1,16E-08    [134] 
4790 Fe3O4 Oxide IE 455 1,72E-19    [134] 
4791 Fe3O4 Oxide IE 401 8,78E-20    [134] 
4792 Fe3O4 Oxide IE 349 3,65E-20    [134] 
4793 Fe3O4 Oxide IE 302 1,39E-20    [134] 
4794 Fe3O4 Oxide IE 251 1,60E-20    [134] 
4796 MgAl2O4 Oxide IE 1697 7,13E-13    [135] 
4797 MgAl2O4 Oxide IE 1600 3,42E-13    [135] 
4798 MgAl2O4 Oxide IE 1521 1,38E-13    [135] 
4799 MgAl2O4 Oxide IE 1431 3,77E-14    [135] 
4800 MgAl2O4 Oxide IE 1310 2,37E-15    [135] 
4801 Al2O3 Oxide IE 1763 3,99E-14    [136] 
4802 Al2O3 Oxide IE 1693 1,11E-14    [136] 
4803 Al2O3 Oxide IE 1693 9,18E-15    [136] 
4804 Al2O3 Oxide IE 1669 3,92E-15    [136] 
4805 Al2O3 Oxide IE 1647 4,95E-15    [136] 
4806 Al2O3 Oxide IE 1647 3,92E-15    [136] 
4807 Al2O3 Oxide IE 1609 1,04E-15    [136] 
4808 Al2O3 Oxide IE 1588 7,82E-16    [136] 
4809 Al2O3 Oxide IE 1536 2,28E-16    [136] 
4810 Al2O3 Oxide IE 1553 1,98E-16    [136] 
4811 Al2O3 Oxide IE 1506 1,56E-16    [136] 
4812 Al2O3 Oxide IE 1506 8,04E-17    [136] 
4813 Al2O3 Oxide IE 1729 4,95E-15    [136] 
4814 Al2O3 Oxide IE 1697 5,20E-15    [136] 
4815 Al2O3 Oxide IE 1705 4,51E-15    [136] 
4816 Al2O3 Oxide IE 1627 6,17E-16    [136] 
4817 Al2O3 Oxide IE 1584 3,03E-16    [136] 
4818 Al2O3 Oxide IE 1584 2,51E-16    [136] 
4819 Al2O3 Oxide IE 1777 7,64E-14    [136] 
4820 Al2O3 Oxide IE 1743 6,64E-14    [136] 
4821 Al2O3 Oxide IE 1703 6,65E-14    [136] 
4822 Al2O3 Oxide IE 1703 3,42E-14    [136] 
4823 Al2O3 Oxide IE 1652 7,69E-14    [136] 
4824 Al2O3 Oxide IE 1652 2,34E-14    [136] 
4825 Al2O3 Oxide IE 1652 1,68E-14    [136] 
4826 Al2O3 Oxide IE 1625 1,68E-14    [136] 
4827 Al2O3 Oxide IE 1625 1,33E-14    [136] 
4828 Al2O3 Oxide IE 1576 1,33E-14    [136] 
4829 Al2O3 Oxide IE 1656 9,48E-15    [136] 
4830 Al2O3 Oxide IE 1619 3,67E-15    [136] 
4831 Al2O3 Oxide IE 1609 1,56E-15    [136] 
4832 Al2O3 Oxide IE 1576 1,29E-15    [136] 
4833 Al2O3 Oxide IE 1499 3,44E-16    [136] 
4834 Al2O3 Oxide IE 1187 1,73E-16    [136] 
4835 Al2O3 Oxide IE 1260 5,64E-16    [136] 
4836 Al2O3 Oxide IE 1323 6,47E-16    [136] 
4837 Al2O3 Oxide IE 1419 1,82E-15    [136] 
4838 Al2O3 Oxide IE 1405 1,31E-15    [136] 
4839 Al2O3 Oxide IE 1419 1,25E-15    [136] 
4840 Al2O3 Oxide IE 1452 2,00E-15    [136] 
4841 Al2O3 Oxide IE 1509 3,88E-15    [136] 
4842 Al2O3 Oxide IE 1512 2,41E-15    [136] 
4843 Al2O3 Oxide IE 1548 3,69E-15    [136] 
4844 Al2O3 Oxide IE 1782 1,29E-13    [112] 
4845 Al2O3 Oxide IE 1754 1,40E-13    [112] 
4846 Al2O3 Oxide IE 1779 6,91E-14    [112] 
4847 Al2O3 Oxide IE 1773 7,74E-14    [112] 
4848 Al2O3 Oxide IE 1754 7,73E-14    [112] 
4849 Al2O3 Oxide IE 1739 6,53E-14    [112] 
4850 Al2O3 Oxide IE 1736 5,67E-14    [112] 
4851 Al2O3 Oxide IE 1709 6,34E-14    [112] 
4852 Al2O3 Oxide IE 1666 8,56E-15    [112] 
4853 Al2O3 Oxide IE 1617 5,29E-15    [112] 
4854 Al2O3 Oxide IE 1617 3,88E-15    [112] 
4855 Al2O3 Oxide IE 1601 4,10E-15    [112] 
4856 Al2O3 Oxide IE 1595 5,91E-15    [112] 
4857 Al2O3 Oxide IE 1578 1,25E-15    [112] 
4858 Al2O3 Oxide IE 1504 3,23E-16    [112] 
4859 Al2O3 Oxide IE 1680 2,64E-14    [112] 
4860 Al2O3 Oxide IE 1666 1,99E-14    [112] 
4861 Al2O3 Oxide IE 1655 2,11E-14    [112] 
4862 Al2O3 Oxide IE 1627 1,93E-14    [112] 
4863 Al2O3 Oxide IE 1579 1,30E-14    [112] 
4864 Al2O3 Oxide IE 1551 1,34E-14    [112] 
4865 Al2O3 Oxide IE 1546 1,41E-14    [112] 
4866 Al2O3 Oxide IE 1500 1,03E-14    [112] 
4867 Al2O3 Oxide IE 1614 1,38E-14    [112] 
4868 Al2O3 Oxide IE 1614 1,59E-14    [112] 
4869 Al2O3 Oxide IE 1596 5,91E-15    [112] 
4870 Al2O3 Oxide IE 1508 4,20E-15    [112] 
4871 Al2O3 Oxide IE 1420 1,85E-15    [112] 
4872 Al2O3 Oxide IE 1420 1,21E-15    [112] 
4873 Al2O3 Oxide IE 1262 5,15E-16    [112] 
4874 Al2O3 Oxide IE 1183 1,57E-16    [112] 
4875 ThO2 Oxide IE 1649 1,19E-07    [137] 
4876 ThO2 Oxide IE 1599 8,26E-08    [137] 
4877 ThO2 Oxide IE 1463 3,06E-08    [137] 
4878 ThO2 Oxide IE 1346 1,27E-08    [137] 
4879 ThO2 Oxide IE 1205 2,91E-09    [137] 
4880 ThO2 Oxide IE 1212 1,96E-09    [137] 
4881 ThO2 Oxide IE 1093 8,38E-10    [137] 
4882 ThO2 Oxide IE 975 8,38E-10    [137] 
4883 ThO2 Oxide IE 970 9,12E-10    [137] 
4884 ThO2 Oxide IE 973 7,07E-10    [137] 
4885 ThO2 Oxide IE 844 3,58E-10    [137] 
4886 UO2 Oxide IE 604 1,40E-12    [138] 
4887 UO2 Oxide IE 602 6,68E-13    [138] 
4888 UO2 Oxide IE 573 5,41E-13    [138] 
4889 UO2 Oxide IE 521 2,66E-13    [138] 
4890 UO2 Oxide IE 541 1,90E-13    [138] 
4891 UO2 Oxide IE 534 1,40E-13    [138] 
4892 UO2 Oxide IE 518 1,73E-13    [138] 
4893 UO2 Oxide IE 498 1,82E-13    [138] 
4894 UO2 Oxide IE 465 4,07E-14    [138] 
4895 UO2 Oxide IE 445 2,09E-14    [138] 
4896 PuO2 Oxide IE 1010 3,21E-11    [139] 
4897 PuO2 Oxide IE 899 8,39E-12    [139] 
4898 PuO2 Oxide IE 800 1,02E-12    [139] 
4899 PuO2 Oxide IE 725 3,75E-13    [139] 
4900 MgO Oxide IE 700 2,00E-17    [140] 
4901 La2O3 Oxide IE 700 9,83E-15    [140] 
4902 La2O3-1%Sr Oxide IE 700 1,89E-14    [140] 
4903 La2O3-2%Sr Oxide IE 700 1,12E-14    [140] 
4904 CaTiO(SiO4) Minerals IE 700 2,40E-18    [141] 
4905 CaTiO(SiO4) Minerals IE 700 1,80E-18    [141] 
4906 CaTiO(SiO4) Minerals IE 700 1,50E-18    [141] 
4907 CaTiO(SiO4) Minerals IE 800 7,80E-17    [141] 
4908 CaTiO(SiO4) Minerals IE 800 8,80E-17    [141] 
4909 CaTiO(SiO4) Minerals IE 800 6,90E-17    [141] 
4910 CaTiO(SiO4) Minerals IE 800 4,90E-17    [141] 
4911 CaTiO(SiO4) Minerals IE 800 3,00E-17    [141] 
4912 CaTiO(SiO4) Minerals IE 800 8,10E-17    [141] 
4913 CaTiO(SiO4) Minerals IE 800 6,90E-17    [141] 
4914 CaTiO(SiO4) Minerals IE 800 7,50E-17    [141] 
4915 CaTiO(SiO4) Minerals IE 900 3,30E-16    [141] 
4916 CaTiO(SiO4) Minerals IE 900 4,20E-16    [141] 
4917 CaTiO(SiO4) Minerals IE 900 9,60E-16    [141] 
4918 CaTiO(SiO4) Minerals IE 900 8,70E-16    [141] 
4919 CaTiO(SiO4) Minerals IE 700 7,60E-19    [141] 
4920 CaTiO(SiO4) Minerals IE 700 8,30E-19    [141] 
4921 CaTiO(SiO4) Minerals IE 700 8,80E-19    [141] 
4922 CaTiO(SiO4) Minerals IE 800 4,00E-17    [141] 
4923 CaTiO(SiO4) Minerals IE 800 4,70E-17    [141] 
4924 CaTiO(SiO4) Minerals IE 800 5,60E-17    [141] 
4925 CaTiO(SiO4) Minerals IE 800 5,40E-17    [141] 
4926 CaTiO(SiO4) Minerals IE 900 4,00E-16    [141] 
4927 CaTiO(SiO4) Minerals IE 900 5,20E-16    [141] 
4928 CaTiO(SiO4) Minerals IE 900 4,90E-16    [141] 
4929 CaTiO(SiO4) Minerals IE 800 2,20E-17    [141] 
4930 CaTiO(SiO4) Minerals IE 800 3,20E-17    [141] 
4931 CaTiO(SiO4) Minerals IE 800 3,10E-17    [141] 
4932 ZrO2 Oxide IE 450 1,30E-13    [142] 
4933 ZrO2 Oxide IE 500 3,00E-13    [142] 
4934 ZrO2 Oxide IE 600 2,70E-12    [142] 
4935 ZrO2 Oxide IE 350 3,40E-16    [142] 
4936 ZrO2 Oxide IE 400 3,00E-15    [142] 
4937 ZrO2 Oxide IE 450 1,20E-14    [142] 
4938 ZrO2 Oxide IE 480 3,30E-14    [142] 
4939 ZrO2 Oxide NMR 4 500 1,60E-14    [143] 
4940 ZrO2 Oxide NMR 4 550 9,90E-14    [143] 
4941 ZrO2 Oxide NMR 4 600 1,00E-12    [143] 
4942 ZrO2 Oxide NMR 4 640 3,10E-12    [143] 
4943 ZrO2 Oxide NMR 4 804 2,04E-10    [144] 
4944 ZrO2 Oxide NMR 4 779 1,00E-10    [144] 
4945 ZrO2 Oxide NMR 4 720 3,51E-11    [144] 
4946 ZrO2 Oxide NMR 4 686 9,59E-12    [144] 
4947 ZrO2 Oxide AHT 350 6,58E-18    [145] 
4948 ZrO2 Oxide AHT 330 3,51E-18    [145] 
4949 ZrO2 Oxide AHT 300 4,71E-19    [145] 
4950 ZrO2 Oxide AHT 290 2,73E-19    [145] 
4951 ZrO2 Oxide # 227 1,52E-16    [146] 
4952 ZrO2 Oxide # 210 5,34E-17    [146] 
4953 ZrO2 Oxide # 191 2,31E-17    [146] 
4954 ZrO2 Oxide # 175 1,00E-17    [146] 
4955 ZrO2 Oxide # 164 3,51E-18    [146] 
4958 ZrO2 Oxide # 700 1,30E-11    [147] 
4959 ZrO2 Oxide # 750 3,90E-11    [147] 
4960 ZrO2 Oxide # 810 1,30E-10    [147] 
4961 ZrO2 Oxide # 845 2,70E-10    [147] 
4962 TiO2 Oxide NMR  937 8,44E-10    [148] 
4963 TiO2 Oxide NMR  838 6,16E-11    [148] 
4964 TiO2 Oxide NMR  818 1,00E-10    [148] 
4965 TiO2 Oxide NMR  783 2,34E-11    [148] 
4966 TiO2 Oxide NMR  727 1,13E-11    [148] 
4967 TiO2 Oxide NMR  717 2,34E-11    [148] 
4968 TiO2 Oxide NMR  673 1,18E-11    [149] 
4969 TiO2 Oxide NMR  673 5,46E-12    [148] 
4970 TiO2 Oxide NMR  673 3,36E-12    [148] 
4971 TiO2 Oxide NMR  596 1,00E-12    [149] 
4972 TiO2 Oxide NMR  535 1,27E-13    [149] 
4973 TiO2 Oxide NMR  527 2,28E-14    [149] 
4974 TiO2 Oxide NMR  486 1,00E-14    [149] 
4975 TiO2 Oxide NMR  471 5,87E-15    [150] 
4976 TiO2 Oxide NMR  448 1,83E-15    [149] 
4977 TiO2 Oxide NMR  409 2,64E-16    [150] 
4978 TiO2 Oxide NMR  352 9,52E-18    [151] 
4979 TiO2 Oxide NMR  320 1,44E-18    [151] 
4980 TiO2 Oxide NMR  296 4,83E-19    [151] 
4981 TiO2 Oxide NMR  284 2,98E-19    [151] 
5026 LaSrAlO4 K2NiF4 IE 1008 1,56E-14  1,68E-09  [152] 
5027 LaSrAlO4 K2NiF4 IE 934 1,95E-15  3,81E-10  [152] 
5028 LaSrAlO4 K2NiF4 IE 862 9,01E-16  5,12E-10  [152] 
5029 LaSrAlO4 K2NiF4 IE 799 3,28E-16  1,66E-10  [152] 
5030 La0.7Ca0.3CrO2.98 Perovskite # (CDM) 900   2,22E-05  [153] 
5031 La0.7Ca0.3CrO2.95 Perovskite # (CDM) 900   3,63E-05  [153] 
5032 La0.7Ca0.3CrO2.93 Perovskite # (CDM) 900   4,33E-05  [153] 
5033 La0.7Ca0.3CrO2.91 Perovskite # (CDM) 900   5,89E-05  [153] 
5034 La0.7Ca0.3CrO2.90 Perovskite # (CDM) 900   6,36E-05  [153] 
5035 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 900   8,35E-05  [153] 
5036 La0.7Ca0.3CrO2.88 Perovskite # (CDM) 900   1,05E-04  [153] 
5037 La0.7Ca0.3CrO2.87 Perovskite # (CDM) 900   1,42E-04  [153] 
5038 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 900   1,40E-04  [153] 
5039 La0.7Ca0.3CrO2.90 Perovskite # (CDM) 900   1,26E-04  [153] 
5040 La0.7Ca0.3CrO2.91 Perovskite # (CDM) 900   1,07E-04  [153] 
5041 La0.7Ca0.3CrO2.92 Perovskite # (CDM) 900   9,75E-05  [153] 
5042 La0.7Ca0.3CrO2.94 Perovskite # (CDM) 900   8,41E-05  [153] 
5043 La0.7Ca0.3CrO2.96 Perovskite # (CDM) 900   7,48E-05  [153] 
5044 La0.7Ca0.3CrO2.97 Perovskite # (CDM) 900   5,92E-05  [153] 
5045 La0.7Ca0.3CrO2.99 Perovskite # (CDM) 900   5,43E-05  [153] 
5046 La0.7Ca0.3CrO2.98 Perovskite # (CDM) 950   6,11E-05  [153] 
5047 La0.7Ca0.3CrO2.97 Perovskite # (CDM) 950   7,67E-05  [153] 
5048 La0.7Ca0.3CrO2.95 Perovskite # (CDM) 950   9,46E-05  [153] 
5049 La0.7Ca0.3CrO2.93 Perovskite # (CDM) 950   1,06E-04  [153] 
5050 La0.7Ca0.3CrO2.92 Perovskite # (CDM) 950   1,28E-04  [153] 
5051 La0.7Ca0.3CrO2.90 Perovskite # (CDM) 950   1,46E-04  [153] 
5052 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 950   1,59E-04  [153] 
5053 La0.7Ca0.3CrO2.88 Perovskite # (CDM) 950   1,62E-04  [153] 
5054 La0.7Ca0.3CrO2.87 Perovskite # (CDM) 950   1,79E-04  [153] 
5055 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 950   1,72E-04  [153] 
5056 La0.7Ca0.3CrO2.90 Perovskite # (CDM) 950   1,61E-04  [153] 
5057 La0.7Ca0.3CrO2.91 Perovskite # (CDM) 950   1,37E-04  [153] 
5058 La0.7Ca0.3CrO2.92 Perovskite # (CDM) 950   1,56E-04  [153] 
5059 La0.7Ca0.3CrO2.93 Perovskite # (CDM) 950   1,19E-04  [153] 
5060 La0.7Ca0.3CrO2.94 Perovskite # (CDM) 950   1,04E-04  [153] 
5061 La0.7Ca0.3CrO2.96 Perovskite # (CDM) 950   9,21E-05  [153] 
5062 La0.7Ca0.3CrO2.98 Perovskite # (CDM) 950   7,86E-05  [153] 
5063 La0.7Ca0.3CrO2.98 Perovskite # (CDM) 1000   9,56E-05  [153] 
5064 La0.7Ca0.3CrO2.97 Perovskite # (CDM) 1000   1,13E-04  [153] 
5065 La0.7Ca0.3CrO2.95 Perovskite # (CDM) 1000   1,88E-04  [153] 
5066 La0.7Ca0.3CrO2.94 Perovskite # (CDM) 1000   1,88E-04  [153] 
5067 La0.7Ca0.3CrO2.93 Perovskite # (CDM) 1000   2,33E-04  [153] 
5068 La0.7Ca0.3CrO2.92 Perovskite # (CDM) 1000   2,73E-04  [153] 
5069 La0.7Ca0.3CrO2.91 Perovskite # (CDM) 1000   2,64E-04  [153] 
5070 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 1000   3,17E-04  [153] 
5071 La0.7Ca0.3CrO2.88 Perovskite # (CDM) 1000   3,63E-04  [153] 
5072 La0.7Ca0.3CrO2.87 Perovskite # (CDM) 1000   3,31E-04  [153] 
5073 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 1000   3,47E-04  [153] 
5074 La0.7Ca0.3CrO2.90 Perovskite # (CDM) 1000   3,64E-04  [153] 
5075 La0.7Ca0.3CrO2.90 Perovskite # (CDM) 1000   3,21E-04  [153] 
5076 La0.7Ca0.3CrO2.92 Perovskite # (CDM) 1000   2,77E-04  [153] 
5077 La0.7Ca0.3CrO2.92 Perovskite # (CDM) 1000   3,05E-04  [153] 
5078 La0.7Ca0.3CrO2.93 Perovskite # (CDM) 1000   2,40E-04  [153] 
5079 La0.7Ca0.3CrO2.95 Perovskite # (CDM) 1000   2,03E-04  [153] 
5080 La0.7Ca0.3CrO2.96 Perovskite # (CDM) 1000   2,09E-04  [153] 
5081 La0.7Ca0.3CrO2.97 Perovskite # (CDM) 1000   2,06E-04  [153] 
5082 La0.7Ca0.3CrO2.99 Perovskite # (CDM) 1000   1,37E-04  [153] 
5083 La0.7Ca0.3CrO2.99 Perovskite # (CDM) 1000   1,41E-04  [153] 
5084 La0.7Ca0.3CrO2.94 Perovskite # (CDM) 1050   2,61E-04  [153] 
5085 La0.7Ca0.3CrO2.91 Perovskite # (CDM) 1050   3,55E-04  [153] 
5086 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 1050   3,56E-04  [153] 
5087 La0.7Ca0.3CrO2.88 Perovskite # (CDM) 1050   3,82E-04  [153] 
5088 La0.7Ca0.3CrO2.87 Perovskite # (CDM) 1050   3,65E-04  [153] 
5089 La0.7Ca0.3CrO2.89 Perovskite # (CDM) 1050   2,93E-04  [153] 
5090 La0.7Ca0.3CrO2.90 Perovskite # (CDM) 1050   2,67E-04  [153] 
5091 La0.7Ca0.3CrO2.91 Perovskite # (CDM) 1050   2,30E-04  [153] 
5092 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 716 6,98E-11  3,64E-10  [154] 
5093 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 814 1,67E-10  1,72E-09  [154] 
5094 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 912 1,10E-10  9,74E-09  [154] 
5095 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 1010 4,74E-10  5,49E-08  [154] 
5096 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 702 8,69E-10  5,87E-08  [154] 
5097 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 778 1,14E-09  3,71E-07  [154] 
5098 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 849 3,40E-09  3,60E-07  [154] 
5099 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 895 1,95E-08  9,20E-08  [154] 
5100 (La0.75Sr0.25)0.95Cr0.5MnO5O3 Perovskite IE 975 3,79E-08  4,56E-08  [154] 
5107 TiO2 Minerals NRM 1 900 2,36E-15    [155] 
5108 TiO2 Minerals NRM 1 949 3,01E-14    [155] 
5109 TiO2 Minerals NRM 1 976 1,58E-14    [155] 
5110 TiO2 Minerals NRM 1 1000 3,53E-14    [155] 
5111 TiO2 Minerals CG 1049 1,69E-13    [155] 
5112 TiO2 Minerals CG 1049 2,01E-13    [155] 
5113 TiO2 Minerals NRM 1 1075 5,89E-13    [155] 
5114 TiO2 Minerals NRM 1 1151 1,37E-12    [155] 
5115 TiO2 Minerals NRM 1 1151 1,07E-12    [155] 
5116 TiO2 Minerals NRM 1 1151 1,12E-12    [155] 
5117 TiO2 Minerals NRM 1 1151 1,32E-12    [155] 
5118 TiO2 Minerals NRM 1 1151 1,15E-12    [155] 
5119 TiO2 Minerals CG 1158 9,91E-13    [155] 
5120 TiO2 Minerals NRM 1 1158 1,17E-12    [155] 
5121 TiO2 Minerals NRM 1 1158 9,49E-13    [155] 
5122 TiO2 Minerals NRM 1 1158 1,28E-12    [155] 
5123 TiO2 Minerals NRM 1 1200 2,67E-12    [155] 
5124 TiO2 Minerals NRM 1 1440 3,10E-11    [155] 
5126 Quartz Minerals IE 595 2,19E-15    [156] 
5127 Quartz Minerals IE 849 6,76E-14    [156] 
5128 Quartz Minerals IE 711 6,17E-15    [156] 
5129 Quartz Minerals IE 710 7,94E-15    [156] 
5130 Quartz Minerals IE 695 7,41E-15    [156] 
5131 Quartz Minerals IE 708 9,55E-15    [156] 
5132 Quartz Minerals IE 515 3,24E-16    [156] 
5133 Quartz Minerals IE 824 5,75E-14    [156] 
5134 Quartz Minerals IE 703 1,02E-14    [156] 
5135 Quartz Minerals IE 708 8,13E-15    [156] 
5136 Quartz Minerals IE 697 7,59E-15    [156] 
5137 Quartz Minerals IE 852 1,51E-15    [156] 
5138 Quartz Minerals IE 697 4,90E-17    [156] 
5139 Quartz Minerals IE 846 1,23E-15    [156] 
5140 Quartz Minerals IE 760 1,95E-16    [156] 
5141 Quartz Minerals IE 591 9,55E-18    [156] 
5142 Quartz Minerals IE 690 4,27E-17    [156] 
5143 Quartz Minerals IE 690 3,63E-17    [156] 
5144 Quartz Minerals IE 708 4,68E-17    [156] 
5145 Quartz Minerals IE 703 4,68E-17    [156] 
5146 Quartz Minerals IE 747 1,74E-16    [156] 
5147 Quartz Minerals IE 694 4,37E-17    [156] 
5152 Quartz Minerals NRM 1 667 4,10E-12    [156] 
5153 Quartz Minerals NRM 1 667 8,10E-14    [156] 
5156 Pr7O12 Oxide IE 770 4,13E-10    [157] 
5157 Pr7O12 Oxide IE 770 9,40E-10    [157] 
5158 Pr7O12 Oxide IE 770 1,40E-09    [157] 
5159 Pr7O12 Oxide IE 770 1,22E-09    [157] 
5160 Pr7O12 Oxide IE 770 2,20E-09    [157] 
5161 Pr7O12 Oxide IE 770 3,25E-09    [157] 
5162 Pr7O12 Oxide IE 827 1,62E-09    [157] 
5163 Pr7O12 Oxide IE 827 2,04E-09    [157] 
5164 Pr7O12 Oxide IE 827 2,12E-09    [157] 
5165 Pr7O12 Oxide IE 827 2,77E-09    [157] 
5166 Pr7O12 Oxide IE 827 4,88E-09    [157] 
5167 Pr7O12 Oxide IE 891 4,39E-09    [157] 
5168 Pr7O12 Oxide IE 891 3,97E-09    [157] 
5169 Pr7O12 Oxide IE 891 3,95E-09    [157] 
5170 Pr7O12 Oxide IE 891 4,11E-09    [157] 
5171 Pr7O12 Oxide IE 891 3,72E-09    [157] 
5172 Pr7O12 Oxide IE 891 3,63E-09    [157] 
5173 Pr7O12 Oxide IE 891 5,46E-09    [157] 
5174 Pr7O12 Oxide IE 891 5,62E-09    [157] 
5175 Pr7O12 Oxide IE 746 3,33E-10    [157] 
5176 Pr7O12 Oxide IE 784 4,35E-10    [157] 
5177 Pr7O12 Oxide IE 818 5,39E-10    [157] 
5178 Pr7O12 Oxide IE 849 6,76E-10    [157] 
5179 Pr7O12 Oxide IE 875 7,87E-10    [157] 
5180 Pr7O12 Oxide IE 745 3,83E-10    [157] 
5181 Pr7O12 Oxide IE 787 5,18E-10    [157] 
5182 Pr7O12 Oxide IE 817 6,29E-10    [157] 
5183 Pr7O12 Oxide IE 846 7,32E-10    [157] 
5184 Pr7O12 Oxide IE 871 8,76E-10    [157] 
5185 Pr7O12 Oxide IE 900 1,02E-09    [157] 
5186 Pr7O12 Oxide IE 746 5,85E-10    [157] 
5187 Pr7O12 Oxide IE 776 6,25E-10    [157] 
5188 Pr7O12 Oxide IE 784 6,75E-10    [157] 
5189 Pr7O12 Oxide IE 798 6,94E-10    [157] 
5190 Pr7O12 Oxide IE 820 8,25E-10    [157] 
5191 Pr7O12 Oxide IE 879 1,20E-09    [157] 
5192 Pr7O12 Oxide IE 916 1,49E-09    [157] 
5193 Pr7O12 Oxide IE 744 5,88E-10    [157] 
5194 Pr7O12 Oxide IE 744 5,33E-10    [157] 
5195 Pr7O12 Oxide IE 744 4,80E-10    [157] 
5196 Pr7O12 Oxide IE 744 4,17E-10    [157] 
5197 Pr7O12 Oxide IE 744 3,48E-10    [157] 
5198 Pr7O12 Oxide IE 744 3,09E-10    [157] 
5199 Pr7O12 Oxide IE 744 1,67E-10    [157] 
5200 Pr7O12 Oxide IE 801 7,35E-10    [157] 
5201 Pr7O12 Oxide IE 801 6,69E-10    [157] 
5202 Pr7O12 Oxide IE 801 6,19E-10    [157] 
5203 Pr7O12 Oxide IE 801 5,66E-10    [157] 
5204 Pr7O12 Oxide IE 801 4,97E-10    [157] 
5205 Pr7O12 Oxide IE 801 4,11E-10    [157] 
5206 Pr7O12 Oxide IE 845 8,61E-10    [157] 
5207 Pr7O12 Oxide IE 845 8,15E-10    [157] 
5208 Pr7O12 Oxide IE 845 7,76E-10    [157] 
5209 Pr7O12 Oxide IE 845 7,24E-10    [157] 
5210 Pr7O12 Oxide IE 845 6,62E-10    [157] 
5211 Pr7O12 Oxide IE 845 6,50E-10    [157] 
5212 Pr7O12 Oxide IE 845 6,04E-10    [157] 
5213 Pr7O12 Oxide IE 845 5,84E-10    [157] 
5214 Pr7O12 Oxide IE 881 1,04E-09    [157] 
5215 Pr7O12 Oxide IE 881 9,82E-10    [157] 
5216 Pr7O12 Oxide IE 881 8,33E-10    [157] 
5217 Pr7O12 Oxide IE 881 8,19E-10    [157] 
5218 Pr7O12 Oxide IE 881 8,09E-10    [157] 
5219 Pr7O12 Oxide IE 881 7,98E-10    [157] 
5220 Pr7O12 Oxide IE 881 8,12E-10    [157] 
5221 Pr7O12 Oxide IE 881 8,47E-10    [157] 
5222 MgO Oxide NRM 1 1540 4,93E-15    [158] 
5223 MgO Oxide NRM 1 1521 2,80E-15    [158] 
5224 MgO Oxide NRM 1 1486 1,66E-15    [158] 
5225 MgO Oxide NRM 1 1448 1,27E-15    [158] 
5226 MgO Oxide NRM 1 1408 5,57E-16    [158] 
5227 MgO Oxide NRM 1 1368 3,87E-16    [158] 
5228 MgO Oxide NRM 1 1308 1,00E-16    [158] 
5229 Hematite Oxide NRM 1 1185 7,84E-13    [158] 
5230 Hematite Oxide NRM 1 1082 3,63E-13    [158] 
5231 Hematite Oxide NRM 1 1051 5,31E-14    [158] 
5232 Hematite Oxide NRM 1 995 1,24E-14    [158] 
5233 Hematite Oxide NRM 1 995 8,59E-15    [158] 
5234 Hematite Oxide NRM 1 950 7,02E-15    [158] 
5235 Hematite Oxide NRM 1 950 5,18E-15    [158] 
5236 Hematite Oxide NRM 1 968 3,12E-15    [158] 
5237 Hematite Oxide NRM 1 924 1,03E-15    [158] 
5238 Hematite Oxide NRM 1 917 8,04E-16    [158] 
5239 Hematite Oxide NRM 1 898 4,66E-16    [158] 
5240 Hematite Oxide NRM 1 877 2,25E-16    [158] 
5241 Hematite Oxide NRM 1 854 1,00E-16    [158] 
5242 TiO2 Oxide IE 1000 1,40E-13  1,50E-09  [159] 
5243 TiO2 Oxide IE 1000 2,30E-13  1,40E-09  [159] 
5244 TiO2 Oxide IE 884 1,60E-14  6,50E-11  [159] 
5245 TiO2 Oxide IE 1080 5,30E-13  6,80E-09  [159] 
5246 TiO2 Oxide IE 1080 8,00E-13  1,00E-08  [159] 
5247 TiO2 Oxide IE 1175 3,50E-12  2,40E-08  [159] 
5248 TiO2 Oxide IE 1000 1,70E-13  4,50E-09  [159] 
5249 TiO2 Oxide IE 1000 1,80E-13  4,60E-09  [159] 
5250 0.08mol% Cr2O3-TiO2 Oxide IE 1004 1,20E-12  1,60E-08  [159] 
5251 0.08mol% Cr2O3-TiO2 Oxide IE 897 1,60E-13  6,10E-09  [159] 
5252 0.08mol% Cr2O3-TiO2 Oxide IE 1139 5,90E-12  4,80E-08  [159] 
5253 0.08mol% Cr2O3-TiO2 Oxide IE 1139 5,00E-12  5,10E-08  [159] 
5254 0.08mol% Cr2O3-TiO2 Oxide IE 926 2,40E-13  4,90E-09  [159] 
5255 ZrO2 Oxide NRM 2 590 1,24E-12    [160] 
5256 ZrO2 Oxide NRM 2 590 3,98E-12    [160] 
5257 ZrO2 Oxide NRM 2 590 2,51E-16    [160] 
5258 ZrO2 Oxide NRM 2 394 2,51E-14    [160] 
5259 ZrO2 Oxide NRM 2 394 5,93E-17    [160] 
5260 ZrO2 Oxide NRM 2 394 1,13E-16    [160] 
5261 ZrO2 Oxide NRM 2 394 8,07E-18    [160] 
5262 ZrO2 Oxide NRM 2 378 3,02E-13    [160] 
5263 Forsterite Minerals NRM 1 1600 3,25E-14    [161] 
5264 Forsterite Minerals NRM 1 1600 3,60E-14    [161] 
5265 Forsterite Minerals NRM 1 1600 8,50E-15    [161] 
5266 Forsterite Minerals NRM 1 1600 1,10E-14    [161] 
5267 Forsterite Minerals NRM 1 1600 1,40E-14    [161] 
5268 Forsterite Minerals NRM 1 1600 1,25E-14    [161] 
5269 Forsterite Minerals NRM 1 1450 2,20E-15    [161] 
5270 Forsterite Minerals NRM 1 1450 3,20E-15    [161] 
5271 Forsterite Minerals NRM 1 1300 4,40E-16    [161] 
5272 Forsterite Minerals NRM 1 1600 1,25E-14    [161] 
5273 Forsterite Minerals NRM 1 1600 1,50E-14    [161] 
5274 Forsterite Minerals NRM 1 1600 3,50E-14    [161] 
5275 Forsterite Minerals NRM 1 1600 4,00E-14    [161] 
5276 Forsterite Minerals NRM 1 1600 2,90E-14    [161] 
5277 Forsterite Minerals NRM 1 1600 8,50E-15    [161] 
5278 Forsterite Minerals NRM 1 1600 1,10E-14    [161] 
5279 Forsterite Minerals NRM 1 1600 2,00E-14    [161] 
5280 Forsterite Minerals NRM 1 1450 2,20E-15    [161] 
5281 Forsterite Minerals NRM 1 1300 3,70E-16    [161] 
5282 Forsterite Minerals NRM 1 1600 8,50E-15    [161] 
5283 Forsterite Minerals NRM 1 1600 1,80E-14    [161] 
5284 Forsterite Minerals NRM 1 1600 2,20E-14    [161] 
5285 Forsterite Minerals NRM 1 1600 1,50E-14    [161] 
5286 Forsterite Minerals NRM 1 1600 1,25E-14    [161] 
5287 Forsterite Minerals NRM 1 1600 1,80E-14    [161] 
5288 Forsterite Minerals NRM 1 1600 1,40E-14    [161] 
5289 Forsterite Minerals NRM 1 1600 1,15E-14    [161] 
5290 Forsterite Minerals NRM 1 1450 1,50E-15    [161] 
5291 Forsterite Minerals NRM 1 1300 3,80E-16    [161] 
5292 Y3Fe5O12 Garnet IE 1398 1,13E-09    [162] 
5293 Y3Fe5O12 Garnet IE 1409 7,69E-10    [162] 
5294 Y3Fe5O12 Garnet IE 1350 6,62E-10    [162] 
5295 Y3Fe5O12 Garnet IE 1303 5,70E-10    [162] 
5296 Y3Fe5O12 Garnet IE 1264 2,30E-10    [162] 
5297 Y3Fe5O12 Garnet IE 1235 2,01E-10    [162] 
5298 Y3Fe5O12 Garnet IE 1205 8,26E-11    [162] 
5299 Y3Fe5O12 Garnet IE 1166 6,45E-11    [162] 
5300 Y3Fe5O12 Garnet IE 1114 3,71E-11    [162] 
5301 62.2wt%SiO2-37.2wt%K2O Glass IE 902 8,60E-11    [163] 
5302 62.2wt%SiO2-37.2wt%K2O Glass IE 902 9,10E-11    [163] 
5303 62.2wt%SiO2-37.2wt%K2O Glass IE 902 9,50E-11    [163] 
5304 62.2wt%SiO2-37.2wt%K2O Glass IE 902 9,20E-11    [163] 
5305 62.2wt%SiO2-37.2wt%K2O Glass IE 902 1,01E-10    [163] 
5306 62.2wt%SiO2-37.2wt%K2O Glass IE 920 9,25E-11    [163] 
5307 62.2wt%SiO2-37.2wt%K2O Glass IE 920 8,69E-11    [163] 
5308 62.2wt%SiO2-37.2wt%K2O Glass IE 882 4,03E-11    [163] 
5309 62.2wt%SiO2-37.2wt%K2O Glass IE 862 2,66E-11    [163] 
5310 62.2wt%SiO2-37.2wt%K2O Glass IE 833 2,19E-11    [163] 
5311 62.2wt%SiO2-37.2wt%K2O Glass IE 882 7,03E-11    [163] 
5312 62.2wt%SiO2-37.2wt%K2O Glass IE 862 5,86E-11    [163] 
5313 62.2wt%SiO2-37.2wt%K2O Glass IE 862 5,24E-11    [163] 
5314 62.2wt%SiO2-37.2wt%K2O Glass IE 847 3,19E-11    [163] 
5315 62.2wt%SiO2-37.2wt%K2O Glass IE 833 1,29E-11    [163] 
5316 62.2wt%SiO2-37.2wt%K2O Glass IE 833 1,29E-11    [163] 
5317 62.2wt%SiO2-37.2wt%K2O Glass IE 794 1,36E-11    [163] 
5318 62.2wt%SiO2-37.2wt%K2O Glass IE 780 1,16E-11    [163] 
5319 62.2wt%SiO2-37.2wt%K2O Glass IE 747 9,43E-12    [163] 
5320 62.2wt%SiO2-37.2wt%K2O Glass IE 714 5,47E-12    [163] 
5321 62.2wt%SiO2-37.2wt%K2O Glass IE 673 2,32E-12    [163] 
5322 62.2wt%SiO2-37.2wt%K2O Glass IE 673 2,32E-12    [163] 
5323 62.2wt%SiO2-37.2wt%K2O Glass IE 631 1,84E-12    [163] 
5324 62.2wt%SiO2-37.2wt%K2O Glass IE 601 1,57E-12    [163] 
5325 62.2wt%SiO2-37.2wt%K2O Glass IE 569 1,31E-12    [163] 
5327 NiO Oxide IE 1300 3,00E-17    [164] 
5328 NiO Oxide IE 1300 4,00E-17    [164] 
5329 NiO Oxide IE 1300 4,00E-17    [164] 
5330 NiO Oxide IE 1300 4,50E-17    [164] 
5331 NiO Oxide IE 1300 4,50E-17    [164] 
5332 NiO Oxide IE 1400 2,00E-16    [164] 
5333 NiO Oxide IE 1400 2,00E-16    [164] 
5334 NiO Oxide IE 1400 3,00E-16    [164] 
5335 NiO Oxide IE 1500 3,00E-15    [164] 
5336 NiO Oxide IE 1500 3,00E-15    [164] 
5337 NiO Oxide IE 1500 3,50E-15    [164] 
5338 NiO Oxide IE 1500 5,00E-15    [164] 
5340 NiO Oxide IE 1100 1,30E-17    [164] 
5341 ZnO Oxide IE 1000 1,05E-16    [165] 
5342 MgSiO4 Oxide IE 1200 7,00E-17    [165] 
5343 Jadeite Minerals IE 1400 6,87E-10    [166] 
5344 Jadeite Minerals IE 1400 7,94E-10    [166] 
5345 Jadeite Minerals IE 1400 1,12E-09    [166] 
5346 Jadeite Minerals IE 1400 1,03E-09    [166] 
5347 Jadeite Minerals IE 1540 4,72E-09    [166] 
5348 Jadeite Minerals IE 1610 8,72E-09    [166] 
5349 Jadeite Minerals IE 1400 1,32E-09    [166] 
5350 Diopside Minerals IE 1650 7,30E-07    [166] 
5351 Diopside Minerals IE 1650 5,28E-07    [166] 
5352 Diopside Minerals IE 1650 5,74E-07    [166] 
5353 UO2 Oxide IE 1020 1,04E-10    [167] 
5354 CoMoO4 Oxide #  4,41E+00    [168] 
5355 Bi2Mo3O12 Oxide #  3,43E+00    [168] 
5356 Bi2MoO6 Oxide #  5,20E+00    [168] 
5357 UO2 Oxide IE 1247 5,00E-10    [169] 
5358 NiO Oxide IE 1600 2,30E-14    [170] 
5359 NiO Oxide IE 1600 2,80E-14    [170] 
5360 NiO Oxide IE 1600 4,60E-14    [170] 
5361 NiO Oxide IE 1600 5,00E-14    [170] 
5362 NiO Oxide IE 1600 7,50E-14    [170] 
5363 NiO Oxide IE 1600 6,50E-14    [170] 
5364 NiO Oxide IE 1548 1,70E-14    [170] 
5365 NiO Oxide IE 1548 2,50E-14    [170] 
5366 NiO Oxide IE 1548 1,50E-14    [170] 
5367 NiO Oxide IE 1548 2,80E-14    [170] 
5368 NiO Oxide IE 1500 3,00E-15    [170] 
5369 NiO Oxide IE 1500 3,10E-15    [170] 
5370 NiO Oxide IE 1500 2,40E-15    [170] 
5371 NiO Oxide IE 1500 1,50E-15    [170] 
5372 NiO Oxide IE 1500 2,30E-15    [170] 
5373 NiO Oxide IE 1500 3,40E-15    [170] 
5374 NiO Oxide IE 1500 6,40E-15    [170] 
5375 NiO Oxide IE 1500 5,10E-15    [170] 
5376 NiO Oxide IE 1500 3,30E-15    [170] 
5377 NiO Oxide IE 1500 4,60E-15    [170] 
5378 NiO Oxide IE 1500 4,20E-15    [170] 
5379 NiO Oxide IE 1500 4,50E-15    [170] 
5380 NiO Oxide IE 1500 3,30E-15    [170] 
5381 NiO Oxide IE 1500 3,10E-15    [170] 
5382 NiO Oxide IE 1430 1,20E-15    [170] 
5383 NiO Oxide IE 1430 1,10E-15    [170] 
5384 NiO Oxide IE 1430 1,10E-15    [170] 
5385 NiO Oxide IE 1387 1,50E-15    [170] 
5386 NiO Oxide IE 1387 1,20E-15    [170] 
5387 NiO Oxide IE 1387 7,20E-15    [170] 
5388 NiO Oxide IE 1350 6,40E-16    [170] 
5389 NiO Oxide IE 1350 4,60E-16    [170] 
5390 NiO Oxide IE 1300 2,10E-17    [170] 
5391 NiO Oxide IE 1300 2,00E-17    [170] 
5392 NiO Oxide IE 1300 2,00E-17    [170] 
5393 NiO Oxide IE 1270 2,20E-17    [170] 
5394 NiO Oxide IE 1270 2,70E-17    [170] 
5395 NiO Oxide IE 1190 1,10E-17    [170] 
5396 NiO Oxide IE 1190 2,50E-17    [170] 
5397 NiO Oxide IE 1190 1,70E-17    [170] 
5398 NiO Oxide IE 1190 2,20E-17    [170] 
5399 NiCr2O4 Oxide IE 1535 1,00E-10    [171] 
5400 NiCr2O4 Oxide IE 1453 2,91E-11    [171] 
5401 NiCr2O4 Oxide IE 1468 2,47E-11    [171] 
5402 NiCr2O4 Oxide IE 1309 7,14E-12    [171] 
5403 NiCr2O4 Oxide IE 1315 4,24E-12    [171] 
5404 NiCr2O4 Oxide IE 1220 1,24E-12    [171] 
5405 NiCr2O4 Oxide IE 1193 9,77E-13    [171] 
5406 Fe2O3 Oxide IE 1340 1,00E-10    [171] 
5407 Fe2O3 Oxide IE 1306 4,38E-11    [171] 
5408 Fe2O3 Oxide IE 1255 1,00E-11    [171] 
5409 Forsterite Minerals IE 1727 3,67E-13    [172] 
5410 Forsterite Minerals IE 1641 2,81E-13    [172] 
5411 Forsterite Minerals IE 1641 2,07E-13    [172] 
5412 Forsterite Minerals IE 1641 1,65E-13    [172] 
5413 Forsterite Minerals IE 1549 2,93E-14    [172] 
5414 Forsterite Minerals IE 1474 9,90E-15    [172] 
5418 UO2.005 Oxide NRM 1 1500 1,00E-15    [173] 
5419 UO2.005 Oxide NRM 1 1500 8,50E-16    [173] 
5420 UO2.016 Oxide NRM 1 1500 1,00E-14    [173] 
5421 UO2.016 Oxide NRM 1 1500 8,00E-15    [173] 
5422 UO2.022 Oxide NRM 1 1650 6,60E-15    [173] 
5423 UO2.024 Oxide NRM 1 1500 2,30E-15    [173] 
5424 UO2.024 Oxide NRM 1 1500 2,40E-15    [173] 
5425 UO2.034 Oxide NRM 1 1650 2,50E-14    [173] 
5426 UO2.034 Oxide NRM 1 1650 2,60E-14    [173] 
5427 UO2.043 Oxide NRM 1 1325 1,00E-15    [173] 
5428 UO2.043 Oxide NRM 1 1325 5,00E-16    [173] 
5429 UO2.045 Oxide NRM 1 1500 1,00E-14    [173] 
5430 UO2.045 Oxide NRM 1 1500 7,10E-15    [173] 
5431 UO2.045 Oxide NRM 1 1600 6,00E-14    [173] 
5432 UO2.046 Oxide NRM 1 1650 5,30E-14    [173] 
5433 UO2.046 Oxide NRM 1 1650 2,70E-14    [173] 
5434 UO2.060 Oxide NRM 1 1650 2,50E-13    [173] 
5435 UO2.060 Oxide NRM 1 1650 1,30E-13    [173] 
5436 UO2.065 Oxide NRM 1 1500 2,10E-14    [173] 
5437 UO2.070 Oxide NRM 1 1340 2,80E-15    [173] 
5438 UO2.076 Oxide NRM 1 1500 6,40E-14    [173] 
5439 UO2.095 Oxide NRM 1 1370 1,60E-14    [173] 
5440 UO2.098 Oxide NRM 1 1650 8,70E-13    [173] 
5441 UO2.098 Oxide NRM 1 1650 7,00E-13    [173] 
5442 UO2.106 Oxide NRM 1 1500 7,30E-13    [173] 
5443 UO2.106 Oxide NRM 1 1500 1,00E-13    [173] 
5444 UO2.111 Oxide NRM 1 1600 4,40E-13    [173] 
5445 UO2.111 Oxide NRM 1 1600 4,70E-13    [173] 
5446 UO2.115 Oxide NRM 1 1400 4,00E-14    [173] 
5447 UO2.115 Oxide NRM 1 1500 1,70E-13    [173] 
5448 UO2.115 Oxide NRM 1 1500 1,80E-13    [173] 
5449 UO2.117 Oxide NRM 1 1275 4,70E-15    [173] 
5450 UO2.117 Oxide NRM 1 1275 4,50E-15    [173] 
5451 UO2.118 Oxide NRM 1 1500 2,00E-13    [173] 
5452 UO2.118 Oxide NRM 1 1500 2,10E-13    [173] 
5453 UO2.201 Oxide NRM 1 1500 1,60E-12    [173] 
5454 UO2.201 Oxide NRM 1 1500 1,80E-12    [173] 
5455 UO2.210 Oxide NRM 1 1500 3,10E-12    [173] 
5456 UO2.210 Oxide NRM 1 1500 3,50E-12    [173] 
5457 UO2.212 Oxide NRM 1 1400 1,10E-12    [173] 
5458 UO2.217 Oxide NRM 1 1275 1,40E-13    [173] 
5459 UO2.217 Oxide NRM 1 1275 1,40E-13    [173] 
5465 UO2.124 Oxide IE 800 2,20E-08    [173] 
5466 UO2.022 Oxide IE 800 7,50E-09    [173] 
5467 UO2.167 Oxide IE 800 2,00E-08    [173] 
5468 UO2 Oxide IE 778 1,10E-13    [173] 
5469 UO2 Oxide IE 778 1,10E-13    [173] 
5470 UO2 Oxide IE 778 2,20E-13    [173] 
5471 UO2 Oxide IE 778 2,20E-13    [173] 
5472 UO2 Oxide IE 901 1,10E-12    [173] 
5473 UO2 Oxide IE 1020 1,00E-10    [173] 
5474 UO2 Oxide IE 1020 9,00E-11    [173] 
5475 UO2 Oxide IE 1099 8,60E-11    [173] 
5476 UO2 Oxide IE 1101 4,40E-11    [173] 
5477 UO2 Oxide IE 1247 3,70E-10    [173] 
5478 UO2 Oxide IE 1247 3,80E-10    [173] 
5479 UO2 Oxide IE 1247 1,56E-09    [173] 
5480 UO2 Oxide IE 1247 9,50E-10    [173] 
5481 Al2O3 Oxide IE 1857 7,63E-16    [174] 
5482 Al2O3 Oxide IE 1686 1,09E-14    [174] 
5483 Al2O3 Oxide IE 1681 9,47E-15    [174] 
5484 Al2O3 Oxide IE 1675 7,13E-15    [174] 
5485 Al2O3 Oxide IE 1643 5,05E-15    [174] 
5486 Al2O3 Oxide IE 1643 3,80E-15    [174] 
5487 Al2O3 Oxide IE 1624 2,01E-15    [174] 
5488 Al2O3 Oxide IE 1624 1,74E-15    [174] 
5489 Al2O3 Oxide IE 1614 1,93E-15    [174] 
5490 Al2O3 Oxide IE 1601 2,36E-15    [174] 
5491 Al2O3 Oxide IE 1601 1,81E-15    [174] 
5492 Al2O3 Oxide IE 1566 1,16E-15    [174] 
5493 Al2O3 Oxide IE 1564 9,67E-16    [174] 
5494 Al2O3 Oxide IE 1555 8,39E-16    [174] 
5495 Al2O3 Oxide IE 1537 7,13E-16    [174] 
5496 Al2O3 Oxide IE 1537 4,04E-16    [174] 
5497 Al2O3 Oxide IE 1537 2,92E-16    [174] 
5498 Al2O3 Oxide IE 1537 2,48E-16    [174] 
5499 Al2O3 Oxide IE 1537 1,90E-16    [174] 
5500 Al2O3 Oxide IE 1506 1,85E-16    [174] 
5501 Al2O3 Oxide IE 1506 1,57E-16    [174] 
5502 Al2O3 Oxide IE 1494 1,34E-16    [174] 
5503 Al2O3 Oxide IE 1469 8,56E-17    [174] 
5504 Al2O3 Oxide IE 1641 3,00E-15  3,50E-10  [174] 
5505 Al2O3 Oxide IE 1839 1,70E-14    [174] 
5506 Al2O3 Oxide IE 1839 1,72E-14    [174] 
5507 Al2O3 Oxide IE 1742 2,76E-15    [174] 
5508 Al2O3 Oxide IE 1742 4,44E-15    [174] 
5509 Al2O3 Oxide IE 1676 5,75E-16    [174] 
5510 Al2O3 Oxide IE 1676 4,20E-16    [174] 
5511 Al2O3 Oxide IE 1620 1,00E-16    [174] 
5512 Al2O3 Oxide IE 1620 2,10E-16    [174] 
5513 Al2O3 Oxide IE 1584 4,48E-17    [174] 
5514 Al2O3 Oxide IE 1584 5,50E-21    [174] 
5516 Mg-doped Al2O3 Oxide IE 1652 3,08E-19    [174] 
5517 Mg-doped Al2O3 Oxide IE 1626 2,51E-19    [174] 
5518 Mg-doped Al2O3 Oxide IE 1612 2,02E-19    [174] 
5519 Mg-doped Al2O3 Oxide IE 1591 7,74E-20    [174] 
5520 Mg-doped Al2O3 Oxide IE 1552 4,58E-20    [174] 
5521 Ti-doped Al2O3 Oxide IE 1652 7,94E-20    [174] 
5522 Ti-doped Al2O3 Oxide IE 1626 4,64E-20    [174] 
5523 Ti-doped Al2O3 Oxide IE 1612 4,24E-20    [174] 
5524 Ti-doped Al2O3 Oxide IE 1591 2,21E-20    [174] 
5525 Ti-doped Al2O3 Oxide IE 1552 8,58E-21    [174] 
5526 Al2O3 Oxide IE 1652 4,03E-19    [174] 
5527 Al2O3 Oxide IE 1626 2,15E-19    [174] 
5528 Al2O3 Oxide IE 1613 1,43E-19    [174] 
5529 Al2O3 Oxide IE 1591 1,45E-19    [174] 
5530 Al2O3 Oxide IE 1552 5,62E-20    [174] 
5666 1%Bi2O3-PbO Oxide EMF 514   5,52E-10  [174] 
5667 1%Bi2O3-PbO Oxide EMF 514   5,52E-10  [174] 
5668 1%Bi2O3-PbO Oxide EMF 514   1,24E-09  [175] 
5669 1%Bi2O3-PbO Oxide EMF 514   1,24E-09  [175] 
5670 1%Bi2O3-PbO Oxide EMF 514   1,00E-09  [175] 
5671 PbO Oxide EMF 514   1,83E-09  [175] 
5672 PbO Oxide EMF 514   2,36E-09  [175] 
5673 PbO Oxide EMF 514   2,36E-09  [175] 
5674 PbO Oxide EMF 514   2,64E-08  [175] 
5675 PbO Oxide EMF 514   1,10E-08  [175] 
5676 PbO Oxide EMF 514   2,64E-08  [175] 
5677 1%K2CO3-PbO Oxide EMF 514   8,65E-09  [175] 
5678 1%K2CO3-PbO Oxide EMF 514   8,65E-09  [175] 
5679 1%K2CO3-PbO Oxide EMF 514   1,10E-08  [175] 
5680 1%K2CO3-PbO Oxide EMF 514   1,10E-08  [175] 
5681 1%K2CO3-PbO Oxide EMF 514   3,70E-08  [175] 
5682 PbO Oxide EMF 514   6,95E-09  [176] 
5683 PbO Oxide EMF 514   2,36E-09  [176] 
5684 PbO Oxide EMF 514   6,95E-09  [176] 
5685 PbO Oxide EMF 514   8,65E-09  [176] 
5686 PbO Oxide EMF 514   8,65E-09  [176] 
5687 PbO Oxide EMF 514   8,65E-09  [176] 
5688 PbO Oxide EMF 514   8,65E-09  [176] 
5712 Zr0.8Sm0.2O1.9 Fluorite IE 600 3,60E-09  2,20E-07  [177] 
5713 Zr0.9Sm0.1O1.95 Fluorite IE 600 1,10E-09  9,10E-08  [177] 
5714 Zr0.85Ca0.15O1.85 Fluorite IE 901 7,25E-09    [178] 
5715 Zr0.85Ca0.15O1.85 Fluorite IE 782 1,68E-09    [178] 
5716 Zr0.85Ca0.15O1.85 Fluorite IE 782 1,31E-09    [178] 
5717 Zr0.85Ca0.15O1.85 Fluorite IE 765 7,16E-10    [178] 
5718 Zr0.85Ca0.15O1.85 Fluorite IE 720 5,52E-10    [178] 
5719 Zr0.85Ca0.15O1.85 Fluorite IE 677 1,88E-10    [178] 
5725 MgAl2O4 Spinel NRM 1 1550 3,31E-14    [179] 
5726 MgAl2O4 Spinel NRM 1 1540 3,10E-14    [179] 
5727 MgAl2O4 Spinel NRM 1 1515 1,49E-14    [179] 
5728 MgAl2O4 Spinel NRM 1 1505 1,20E-14    [179] 
5729 MgAl2O4 Spinel NRM 1 1492 8,70E-15    [179] 
5730 MgAl2O4 Spinel NRM 1 1450 5,20E-15    [179] 
5731 MgAl2O4 Spinel NRM 1 1436 3,60E-15    [179] 
5732 MgAl2O4 Spinel NRM 1 1415 2,30E-15    [179] 
5733 MgAl2O4 Spinel NRM 1 1360 1,50E-15    [179] 
5734 MgAl2O4 Spinel NRM 1 1658 7,60E-14    [179] 
5735 MgAl2O4 Spinel NRM 1 1644 5,85E-14    [179] 
5736 MgAl2O4 Spinel NRM 1 1597 2,34E-14    [179] 
5737 MgAl2O4 Spinel NRM 1 1578 2,31E-14    [179] 
5738 MgAl2O4 Spinel NRM 1 1569 2,77E-14    [179] 
5739 MgAl2O4 Spinel NRM 1 1538 1,25E-14    [179] 
5740 MgAl2O4 Spinel NRM 1 1506 1,35E-14    [179] 
5741 MgAl2O4 Spinel NRM 1 1506 7,50E-15    [179] 
5742 MgAl2O4 Spinel NRM 1 1472 6,70E-15    [179] 
5744 MgAl2O4 Spinel NRM 1 1425 2,50E-15    [179] 
5745 MgAl2O4 Spinel NRM 1 1402 1,40E-15    [179] 
5746 MgAl2O4 Spinel NRM 1 1392 1,30E-15    [179] 
5747 MgAl2O4 Spinel NRM 1 1388 9,00E-16    [179] 
5748 MgAl2O4 Spinel NRM 1 1352 5,80E-16    [179] 
5749 MgO 3.5 Al2O3 Spinel NRM 1 1658 4,33E-12    [179] 
5750 MgO 3.5 Al2O3 Spinel NRM 1 1633 7,05E-12    [179] 
5751 MgO 3.5 Al2O3 Spinel NRM 1 1594 3,51E-12    [179] 
5752 MgO 1.8 Al2O3 Spinel NRM 1 1635 2,85E-13    [179] 
5753 SrTiO3 Perovskite IE 500 4,50E-15    [180] 
5754 SrTiO3 Perovskite IE 500 1,20E-15    [180] 
5755 SrTiO3 Perovskite IE 500 1,10E-15    [180] 
5756 SrTiO3 Perovskite IE 500 6,30E-16    [180] 
5757 SrTiO3 Perovskite IE 500 5,10E-17    [180] 
5758 SrTiO3 Perovskite IE 500 6,20E-18    [180] 
5759 SrTiO3 Perovskite IE 500 3,50E-18    [180] 
5762 Cu2O Oxide IE 811 1,15E-11    [181] 
5763 Cu2O Oxide IE 837 1,62E-11    [181] 
5764 Cu2O Oxide IE 883 4,53E-11    [181] 
5765 Cu2O Oxide IE 927 6,14E-11    [181] 
5766 Cu2O Oxide IE 954 1,20E-11    [181] 
5767 Cu2O Oxide IE 1013 1,95E-11    [181] 
5768 Cu2O Oxide IE 1035 2,43E-11    [181] 
5769 Cu2O Oxide IE 1037 1,82E-09    [181] 
5770 Cu2O Oxide IE 1055 1,95E-09    [181] 
5771 Cu2O Oxide IE 1082 2,71E-09    [181] 
5772 Cu2O Oxide IE 1100 3,61E-09    [181] 
5773 Cu2O Oxide IE 1048 6,66E-10    [181] 
5774 Cu2O Oxide IE 1028 4,75E-10    [181] 
5775 Cu2O Oxide IE 981 4,75E-10    [181] 
5776 Cu2O Oxide IE 942 2,80E-10    [181] 
5778 2.8mol% YTZ Fluorite IE 700 5,60E-09    [182] 
5779 2.8mol% YTZ Fluorite IE 785 1,94E-08    [182] 
5780 2.8mol% YTZ Fluorite IE 887 1,12E-07    [182] 
5781 2.8mol% YTZ Fluorite IE 1012 2,00E-07    [182] 
5782 2.8mol% YTZ Fluorite IE 1165 1,03E-06    [183] 
5783 SrCo0.2Fe0.8O3 Perovskite EMF 1007 3,09E-06    [183] 
5785 SrCo0.2Fe0.8O3 Perovskite EMF 856 9,37E-07    [183] 
5786 SrCo0.2Fe0.8O3 Perovskite EMF 856 7,38E-07    [183] 
5787 SrCo0.2Fe0.8O3 Perovskite EMF 856 6,76E-07    [183] 
5788 SrCo0.2Fe0.8O3 Perovskite EMF 829 5,94E-07    [183] 
5789 SrCo0.2Fe0.8O3 Perovskite EMF 753 1,82E-07    [183] 
5790 SrCo0.2Fe0.8O3 Perovskite EMF 753 1,61E-07    [183] 
5791 SrCo0.2Fe0.8O3 Perovskite EMF 676 6,42E-08    [183] 
5792 SrCo0.2Fe0.8O3 Perovskite EMF 676 3,45E-08    [183] 
5793 SrCo0.5Fe0.5O3 Perovskite EMF 856 1,96E-06    [183] 
5794 SrCo0.5Fe0.5O3 Perovskite EMF 856 1,54E-06    [183] 
5795 SrCo0.5Fe0.5O3 Perovskite EMF 856 1,33E-06    [183] 
5796 SrCo0.5Fe0.5O3 Perovskite EMF 796 8,78E-07    [183] 
5797 SrCo0.5Fe0.5O3 Perovskite EMF 736 3,23E-07    [183] 
5798 SrCo0.5Fe0.5O3 Perovskite EMF 736 2,84E-07    [183] 
5799 SrCo0.5Fe0.5O3 Perovskite EMF 676 9,37E-08    [183] 
5801 SrCo0.5Fe0.5O3 Perovskite EMF 627 4,38E-08    [183] 
5802 SrCo0.8Fe0.2O3 Perovskite EMF 856 4,99E-07    [183] 
5803 SrCo0.8Fe0.2O3 Perovskite EMF 856 3,85E-07    [183] 
5804 SrCo0.8Fe0.2O3 Perovskite EMF 856 3,03E-07    [183] 
5807 SrCo0.8Fe0.2O3 Perovskite EMF 796 1,36E-07    [183] 
5808 SrCo0.8Fe0.2O3 Perovskite EMF 796 1,09E-07    [183] 
5809 SrCo0.8Fe0.2O3 Perovskite EMF 803 1,04E-07    [183] 
5813 35wt%(La0.8Sr0.2)0.98MnO3-65%Zr0.84Y0.16O1.92  Composite IE 803 1,18E-08  1,60E-08  [184] 
5814 35wt%(La0.8Sr0.2)0.98MnO3-65%Zr0.84Y0.16O1.92  Composite IE 906 3,00E-08  3,15E-07  [184] 
5815 35wt%(La0.8Sr0.2)0.98MnO3-65%Zr0.84Y0.16O1.92  Composite IE 995 8,77E-08  4,42E-06  [184] 
5816 BE25 Fluorite IE 600 3,00E-07  2,90E-08  [185] 
5817 BE25 Fluorite IE 600 3,20E-07  9,60E-08  [185] 
5818 BE25-Ag Cermet Composite IE 600 2,20E-07  3,50E-06  [185] 
5819 (Bi2O3)0.73-(CaO)0.27 Fluorite IE 600 1,70E-08  5,00E-08  [185] 
5820 (Bi2O3)0.73-(CaO)0.27 Fluorite IE 600 2,00E-08  4,90E-07  [185] 
5821 (Bi2O3)0.73-(CaO)0.27-Ag Cermet Composite IE 600 1,10E-08  1,40E-06  [185] 
5822 La1.05Sr0.95Ga3O7 Melilite IE 700 2,56E-10  9,71E-10  [186] 
5823 La1.05Sr0.95Ga3O7 Melilite IE 800 7,24E-10  2,74E-08  [186] 
5824 La1.05Sr0.95Ga3O7 Melilite IE 900 1,01E-09  8,23E-08  [186] 
5825 La1.05Sr0.95Ga3O7 Melilite IE 1000 3,75E-09  8,03E-08  [186] 
5965 La0.5Sr0.5MnO3 Perovskite IE 700 2,00E-15  1,00E-08  [187] 
5966 La0.5Sr0.5MnO3 Perovskite IE 900 3,00E-12  9,00E-08  [187] 
5967 La0.8Sr0.2CoO3 Perovskite IE 700 1,00E-08  3,00E-06  [187] 
5968 La0.8Sr0.2CoO3 Perovskite IE 900 4,00E-08  2,00E-05  [187] 
5969 La0.6Ca0.4Co0.8Fe0.2O3 Perovskite IE 700 2,00E-08  4,00E-06  [187] 
5970 La0.6Ca0.4Co0.8Fe0.2O3 Perovskite IE 900 3,00E-07  4,00E-05  [187] 
5971 La0.6Sr0.4Co0.8Ni0.2O3 Perovskite IE 700 3,00E-08  2,00E-06  [187] 
5972 La0.6Sr0.4Co0.8Ni0.2O3 Perovskite IE 900 4,00E-07  2,00E-06  [187] 
5973 La0.6Sr0.4Co0.6Ni0.4O3 Perovskite IE 700 2,00E-09  7,00E-07  [187] 
5974 La0.6Sr0.4Co0.6Ni0.4O3 Perovskite IE 900 3,00E-07  3,00E-06  [187] 
5975 La0.6Sr0.4Co0.4Ni0.6O3 Perovskite IE 700 1,00E-08  3,00E-07  [187] 
5976 La0.6Sr0.4Co0.4Ni0.6O3 Perovskite IE 900 6,00E-07  2,00E-06  [187] 
5977 YSZ-15%mol Fluorite IE 700 2,20E-09  2,80E-09  [187] 
5978 YSZ-15%mol Fluorite IE 700 2,50E-09  1,60E-08  [188] 
5979 YSZ-15%mol Fluorite IE 700 2,30E-09  1,70E-09  [188] 
5986 La0.65Sr0.35MnO3 Perovskite IE 900 4,00E-14    [189] 
5987 La0.5Sr0.5MnO3 Perovskite IE 900 3,00E-12    [189] 
5988 La0.5Sr0.5Mn0.8Co0.2O3 Perovskite IE 900 1,00E-11    [189] 
5989 La0.8Sr0.2CoO3 Perovskite IE 900 4,00E-08    [189] 
5990 La0.5Sr0.5(Mn0.8Co0.2)0.6Ni0.4O3 Perovskite IE 900 1,00E-08    [189] 
5991 La0.6Sr0.4Co0.8Fe0.2O3 Perovskite IE 900 3,00E-07    [189] 
5992 La0.5Sr0.5Co0.8Fe0.2O3 Perovskite Per 900 5,00E-07    [189] 
Techniques Acronyms  -   IE = 18O isotope exchange ; 17IE = 17O isotope exchange ; GIE= Gaseous isotope Exchange technique;  
NRM 1 = Nuclear Reaction Measurement 18O(,p)15N; NRM 2 = Nuclear Reaction Measurement 17O(3He,)16O; NRM 3 = Nuclear Reaction Measurement 18O(p,)19F;  
NMR 4 = Nuclear Reaction Measurement 16O(,p)17O 
II = Ion Implantation; IM = Ion Microprobe ; Per = Oxygen PermeationTechnique; TLM = Thin Layer Method;  OT = Optical Technique; MD = Mechanical Damping;  
AHT = Aging Hardening under stress Technique; EMF = Electrochemical Measurement; CG = Crystal Growth; CDM = Chemical Diffusion Measurement;  
#: Technique not specified 
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